Tartarugas marinhas no Norte de Moçambique: notas para a sua conservação by Santos, Camila de Fátima Ferrito
                                   
Universidade de Aveiro  
2010 
Departamento de Biologia 
Camila de Fátima Ferrito 
Santos 
Tartarugas marinhas no Norte de Moçambique - Notas para 
a sua conservação 
 
Marine turtles in the North of Mozambique - Notes for their 
conservation 
 
 
 
 
 
 
                                     
Universidade de Aveiro  
2010 
Departamento de Biologia 
Camila de Fátima Ferrito 
Santos 
Tartarugas marinhas no Norte de Moçambique - Notas para 
a sua conservação 
 
Marine turtles in the North of Mozambique - Notes for their 
conservation 
 
 Dissertação apresentada à Universidade de Aveiro para cumprimento dos requisitos 
necessários à obtenção do grau de Mestre de segundo ciclo em Biologia Aplicada, 
ramo de especialização Molecular e Celular, realizada sob a orientação científica do 
Professor Doutor Mário Jorge Pereira, Professor Auxiliar do Departamento de Biologia 
da Universidade de Aveiro. 
 
  
 
 
 
 
 
 
presidente Prof. Doutor António José Arsénio Nogueira  
Prof. Associado com Agregação do Departamento de Biologia da Universidade de Aveiro 
 
o júri 
 
 
orientador 
Doutor Artur Jorge da Costa Peixoto Alves  
Investigador Auxiliar, CESAM - Centro de Estudos do Ambiente e do Mar, Universidade de Aveiro  
 
Prof. Doutor Mário Jorge Verde Pereira 
Prof. Auxiliar do Departamento de Biologia da Universidade de Aveiro 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
  
 
Agradecimentos 
 
O meu primeiro agradecimento dedico ao Doutor e Professor Mário Verde Pereira, 
orientador deste trabalho. Um muito obrigada por todos os conhecimentos que me 
transmitiu, por todo o apoio sempre que necessário, pelo carinho e por toda a 
orientação específica na área. Muito obrigada pela oportunidade, e por todo o 
profissionalismo que partilhámos e vivemos ao longo deste trabalho em Moçambique. 
Foi consigo que concretizei este sonho! 
 
Um agradecimento especial ao Doutor Luís Souto por ter confiado no meu trabalho e 
pela oportunidade em trabalhar no seu laboratório. 
 
Às minhas queridas Helena, Filipa e Tânia obrigada pela paciência, profissionalismo, 
recepção calorosa e ambiente extraordinário que encontrei durante todo o trabalho 
no laboratório. 
 
A todas as pessoas magníficas que conheci em Moçambique e que me ajudaram a ter 
a melhor estadia e trabalho possíveis. 
 
Aos meus pais…Pai, Mãe sem vocês nada disto se teria concretizado! 
 
Ao Tiago… obrigada pela ajuda, paciência e compreensão! Obrigada por teres confiado 
em mim! 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
palavras-chave 
 
Canal de Moçambique, tartarugas marinhas, Chelonia mydas, Eretmochelys imbricata, 
ecologia, ADN mitocondrial, estrutura da população, filogeografia, conservação, 
migração, nidificação. 
Resumo 
 
 
Em 2002 foi estabelecido no Norte do Arquipélago das Quirimbas (Oceano Índico 
Ocidental-Canal de Moçambique), sobre o Projecto de Maluane- Biodiversidade e 
Turismo de Cabo Delgado, um programa de conservação para tarturagas marinhas. O 
principal objectivo deste programa foi assegurar a comunidade baseada na protecção 
destes répteis marinhos no local de estudo (Ilhas de Macaloe, Rongui e Vamizi) e 
adquirir informação científica relevante, permitindo o desenvolvimento de estratégias 
regionais adequadas, bem como objectivos específicos que estão de acordo com o 
plano de acção da IUCN/SSC referente às tartarugas no Oceano Índico Ocidental. As 
designações fornecidas pela IUCN, “criticamente ameaçadas” e “ameaçadas”, tem 
sido cada vez mais abordadas entre os especialistas, no que diz respeito às cinco 
espécies de tartarugas marinhas (Caretta caretta (tartaruga cabeçuda), Dermochelys 
coriacea (tartaruga de couro), Lepidochelys olivacea (tartaruga olivácea), Chelonia 
mydas (tartaruga verde) e Eretmochelys imbricata (tartaruga bico-de-falcão), que 
ocorrem ao longo da costa de Moçambique. 
Considerando o trabalho realizado desde 2002 e, em particular, informações 
recolhidas entre 2004 e 2010, a partir  de Ch. mydas e E. imbricata, consideram-se, 
nesta dissertação, os seguintes objectivos: analisar a diversidade de espécies de 
tartarugas marinhas encontradas na ilha de Vamizi; verificar a frequência com que as 
diferentes espécies estão distribuídas ao longo das praias da ilha Vamizi entre 
Setembro de 2002 e Setembro de 2010; verificar qual a época de reprodução; 
estudar, com base no DNA mitocondrial das duas espécies acima referidas, a 
estrutura das respectivas populações, bem como contribuir para a conservação 
daquelas especies, propondo medidas para a melhoria da eficácia dos programas de 
protecção existentes. 
Os resultados mostram a ocorrência de duas especies que usam a ilha de Vamizi como 
local de nidificação, Chelonia mydas e Eretmochelys imbricata, com predominância da 
primeira. O processo de nidificação ocorre durante todo o ano, com uma maior 
actividade entre Fevereiro e Junho. Através da análise do DNA mitocondrial, foi 
possível definir 3 haplótipos para cada espécie, IND1, IND3 e CM8 para Ch. mydas; 
Ei_3, Ei_15 e EIJ11 para E. imbricata. Comparando com estudos já realizados, foi 
possível estabelecer relações entre as populações estudadas neste trabalho e outras 
que ocorrem não só, no Oceano Índico, como também Atlântico e Pacífico.  
Novos programas de investigação envolvendo ecologia, distribuição e genética, 
verificando ameaças e protegendo habitats ao longo dos percursos migratórios mas 
também daqueles utilizados para alimentação e reprodução, devem ser 
desenvolvidos tendo em vista a preservação destas espécies consideradas símbolos 
de conservação e biodiversidade. 
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abstract 
 
In 2002 was established in the North of the Quirimbas Archipelago (Western Indian 
Ocean – Mozambique Channel), by Maluane – Cabo Delgado Biodiversity and Tourism, 
a conservation program. The main objective of the programme was to ensure the 
community based protection of all marine turtles in the study area (Macaloe, Rongui 
and Vamizi islands) and to acquire relevant scientific information about turtle 
population to allow the development of adequate regional strategies. Specific 
objectives where defined according with the IUCN/SSC action plan for marine turtles 
in the Western Indian Ocean. The descriptions provided by this organization, “critically 
endangered” and “endangered” have been increasingly discussed among experts in as 
regards the five species of marine turtles: Caretta caretta (loggerhead turtle), 
Dermochelys coriacea (leatherbacks turtle), Lepidochelys olivacea (olive ridley turtle), 
Chelonia mydas (green turtle) e Eretmochelys imbricata (hawksbill turtle) that occur 
along Mozambican Coast. 
Considering the work accomplished since 2002 and, in particular, information 
collected between 2004 and 2010, from Ch. mydas and E. imbricata, it’s addressed in 
this dissertation as main objectives: to analyse marine turtle species diversity found in 
Vamizi island; to verify the frequency with which different species are distributed 
along the beaches of the Vamizi island between September 2002 and September 
2010; to verify which the reproduction season in each species and intraspecific 
descriptors; to study, based on mtDNA of the two species , the population structure, 
as well as this can help in their conservation and analyze the efficiency of marine 
turtle protection and management programmes in Mozambique that exist already, as 
well as propose appropriate measures to improve them. 
The results shows the occurrence of two species that use beaches of Vamizi island as 
nesting place, Chelonia mydas and Eretmochelys imbricata, with the predominance for 
the first one. Nesting activity occurs all around the year, with highest activity between 
February until June. Analysing mtDNA, it was possible to define 3 haplotypes for each 
species, namely, IND1, IND3 e CM8 to Ch.mydas and Ei_3, Ei_15 e EIJ11 to E. 
imbricata. Comparing with previous studies, it was possible to establish relations 
between population from this study and others that occur not only in Indian Ocean, 
but also Atlantic and Pacific. 
New investigation programs, reaching ecology, distribution and genetic, checking 
threats and protecting habitats between migratory routes (including reproduction and 
nutrition routes, should be developed owing to the preservation of species, 
considered a symbol of conservation and biodiversity. 
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General Introduction 
1. WIO (Western Indian Ocean) 
 The WIO consists of mainland nations on the eastern coast of Africa as well as the 
island nations. Those on the mainland include Sudan, Eritrea, Djibouti, Somalia, Kenya, 
Tanzania, Mozambique, and South Africa. The WIO island states include Madagascar, 
Seychelles, Comoros, Mauritius, and Reunion (France) and the French Territories of 
Mayotte, Europa, Tromelin, Glorieuses, and Juan de Nova. In these countries occur 5 
species of sea turtles (Mortimer; MICOA, 2007), listed in IUCN, a union of sovereign 
states, government agencies, and non-governmental organizations. It has three basic 
conservation objectives, namely, to secure the conservation of nature, and especially of 
biological diversity, as an essential foundation for the future; to ensure that where the 
earth's natural resources are used this is done in a wise, equitable and sustainable way; 
and to guide the development of human communities towards ways of life that are both 
of good quality and in enduring harmony with other components of the biosphere 
(Bjorndal et al., 1996). 
2. Mozambique: Country of Study 
Mozambique is located in Sub-Saharan Africa, between coordinates 10⁰ 20' and 26⁰ 
50' South Latitude and 35⁰ 00 ' longitude East. It occupies an area of 801 590 km
2
, of 
which 2.2 % is composed of water (Cumbane, 2004). The continental platform up to the 
200 m isobath has an area of 104 km
2 
(Figure 1). The coastline has a length of about 2700 
km and is characterized by a diversity of habitats including sandy beaches, coastal dunes, 
coral reefs, estuaries, bays, marshes, mangrove forests and seagrass (Hoguane, 2007; 
MICOA, 2007). Mozambique boasts a number of islands and archipelagos with pristine 
beaches and abundant marine life: Bazaruto Archipelago consists of 4 main islands, 
namely Bazaruto, Benguera, Magaruque and Santa Carolina, Quirimbas Archipelago in 
Cabo Delgado Province, Northern Mozambique is a captivating chain of 32 islans including 
Matemo, Medjunbe, Quilalea, Ibo, Rongui, Vamizi and others islands and Comoros 
Archipelago that consists of four islands  aligned along a northwest-southeast axis at the 
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north end of the Mozambique Channel, between Mozambique and the island 
of Madagascar, namely  Grande Comore, Mohéli, Anjouan and Mayotte (Formia et al., 
2006). There are also some islands in Mozambique country like Inhaca, Mozambique and 
Portuguese Islands that have an abundant array of marine life (MICOA, 2007). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Mozambique coastal environments. The dashed line represents the 200 m isobath (Hoguane, 
2007). 
Mozambique is bordered on the north by Tanzania and on the northeast by 
Malawi and Zambia, with Zimbabwe due west, Swaziland and South Africa are located to 
the south and the east, Mozambique faces the Mozambique Channel and the Indian 
Ocean (Hill et al., 2009). Concerning Mozambique’s climate there are 4 climatic variations, 
namely, tropical humid, tropical dry, tropical semi-arid, and climate modified by altitude. 
The tropical humid climate is the predominant one, characterized by two seasons, namely 
the cool and dry (between April and September) and the warm and humid (between 
October and March), with an average annual temperature of 26⁰C in the northern coast 
and 22.1⁰C in the southern coast. All coastline gets around 800-900 mm of precipitation 
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each year. On the south of Mozambique, the precipitation is relatively high in the 
coastline (around 750 mm/year), rapidly decreasing in the interior of Maputo, Gaza, 
Inhambane and Southern Téte Provinces (Hoguane, 2007; Maueua et al., 2007). The 
coastal belt and the Northern Provinces of Zambeze, Nampula, Niassa and Cabo Delgado 
is, generally, more humid than the south, except for the low valley of Zambeze, in the 
Tete province which gets less than 600 mm/year. Between Beira and Quelimane, the 
precipitation is superior to 1 200 mm, due to the influence of the northeastern monsoon 
that affects the northern and central regions of the country. There are also influences 
created by mountain regions in this area, with the lowest average temperatures (19⁰C) in 
the Plains of Manica and Lichinga, in the provinces of Manica and Niassa, respectively, in 
the center and north of the country (Maueua et al., 2007; MICOA, 2007). In short, 
Mozambique has a tropical climate and, as such, the temperature and precipitation, 
which are greatly influenced by orography, are the main factors that determine it 
(MICOA, 2007).  
3. Geology and Geomorphology 
The Mozambican coast is made up of recent geological formations and high 
natural variability (Maueua et al., 2007). 
The coastline’s morphology is characterized by low areas, with altitude up to 
about 200 m above the average level of the sea. It is characterized, also, by intermittent 
stretches of sandy beaches, recent dunes, coastal lagoons and bays, in the south; by an 
extensive and dense vegetation and mangroves, in the centre; by coral reefs, rocky 
beaches and islands in the north (Hoguane, 2007). 
It’s possible to identify 3 distinct hydrogeological areas along the Mozambican 
coast: 1) dunes coast, characteristic feature south of the Save river; 2) floodplains that 
developed along the main rivers (in the centre), and 3) volcanic soils, which label the 
boundary between sea and land, characteristic in the north (Hoguane, 2007). 
The continental shelf is narrow in the South and North, with 2 ecologically 
important areas: “Delagoa” Bay, in the South and “Sofala” Bank, in the North. The North 
area has “São Lázaro” Bank, on the high sea adjacent to the Cabo Delgado Province 
(Hoguane, 2007). 
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4. Demography 
The current Mozambique’s population is estimated at about 21.9 millions. The 
annual growth rate is about 2.3% (UNDP, 2009), the projections indicate that population 
would be 35 million in 2025. About 40%-45% of the population consists of children and 
adolescents under 15 years of age. The population of working age, between 15 and 65 
years old, represents 50%. The urban population has grown over the time, eg in 1950 
represented only 5.4%, and in 1995 already accounted for 33% of the total population. 
These projections can be modified, for example, there is strong evidence that fertility will 
decrease in future as a result of family planning programs in rural areas introduced by the 
government, the higher status of women in society and poverty reduction. It should be 
noted that the main cause of mortality in Mozambique is related to infectious and 
parasitic diseases, like malaria and AIDS. About 2/3 of the Mozambican population lives in 
coastal place exploring resources to sell for the tourists who prefer this area due to easy 
access to the most developed towns and resources. In these coastal areas, the population 
density is about 120 habitants per km
2
, against the average country, 2 people per km
2
 
(Hoguane, 2007). 
5. Marine and Coastal Resources 
5.1 Main Biotas 
 The Mozambican costal and marine areas present ecosystems with high biological 
diversity with a lot of endemic species. According to the WWF
1
 classification, 
Mozambique has 9 of 21 areas with high biological diversity of eastern coast of Africa. Of 
these 9 areas, 4 to highlight: Quirimbas Archipelago, Marromeu’s Complex in delta 
Zambeze, Bazaruto Archipelago and Maputoland place, with an ecological value of global 
importance (Hoguane, 2007). 
                                                     
1
 “World Widlife Fund” (70’s) and “World Wide Fund For Nature” (2010 except in North America where the 
old name was retained) - one of the world's largest and most respected independent conservation 
organizations. 
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5.2 Marine Plants: Mangroves  
Mangroves are continuous along the north and central coastlines of Mozambique, 
becoming less common in southern areas. The most extensive mangrove forests are 
found in the Zambeze River Delta, where almost 180 km of coastline is covered in 
continuous mangrove forest. This area contains 50% of Mozambique’s mangrove area 
and is also one of the largest mangrove forests in Africa. There are well-developed areas 
between the Beira and the Save Rivers in central Mozambique, where mangroves extend 
50 km in land with canopy heights of up to 30 m. And creeks in the north at Lumbo, 
Mecufi, Ibo Island and north of Pemba (Vamizi Island) have these types of areas namely, 
Pemba bay, Messalo and Rovuma estuary (Figure 2) (Taylor et al., 2003).   
 
 
 
 
 
 
 
 
 
Figure 2. Mangrove of Pemba (Paiva, pers. comm.). 
The main species are: Rhizophora mucronata, Ceriops tagal, Bruguiera 
gymnorrhiza, Avicennia marina (Gray Mangrove, Grey Avicennia, Grey Mangrove), 
Sonneratia alba, Heritiera littoralis, Xylocarpus granatum, Lumnitzera racemosa and 
Avicennia officinalis (Taylor et al., 2003, Paiva, pers. comm.).  
Mangroves are used for construction, firewood, charcoal production, fruit, 
fencing, fish traps and medicine in Mozambique (Taylor et al., 2003). Mangrove 
destruction is eliminating prawns and other crustaceans, which constitute one of the 
primary economic activities in coastal areas (Penha-Lopes et al., 2009). Mangroves also 
protect Mozambique’s coral reefs, which are one of the primary attractions driving the 
rapidly growing tourism industry in Mozambique (Taylor et al., 2003). 
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 5.3 Fisheries 
The majority of the fishing activity is located in the two biggest platforms namely: 
“Sofala” Bank, “Delagoa” Bay and “São Lázaro” Bank. The main resources are the shallow-
water shrimps, in “Sofala” Bank and “Maputo” Bay; crustaceans deep, on the continental 
slope, in central and south area, mackerel, in “Sofala” Bank; demersal fishes in south and 
north, including “São Lázaro” Bank (Hoguane, 2007). 
The estimated potential of fish products in Mozambique is about 310 000 tons / 
year, and records of catches have been growing, with 32 000 tonnes in 80’s and 120 000 
tonnes in 1992. The fishing (fish, shrimp and molluscs) and semi-industrial contribute over 
50% of the total production of fish in the country (Hoguane, 2007). 
6. Marine Reptiles: Turtles 
6.1 Brief History… 
All turtles are believed to have evolved from the cotylosaurs, a group of early 
reptiles from which not only all living reptiles, but even mammals and birds, evolved. 
These creatures have not changed very much in a long, long time. For instance, the turtles 
of the Triassic period (250 to 200 million years ago) already had the same fundamental 
characteristics as the turtles that exist nowadays (O’Keefe, 1995). 
There are five main species of sea turtles along Mozambican Coast, namely, Green 
(Chelonia mydas) (Linnaeus), Olive ridley (Lepidochelys olivacea) (Linnaeus), Loggerhead 
(Caretta caretta) (Linnaeus), Hawksbill (Eretmochelys imbricata) (Linnaeus), Leatherback 
(Dermochelys coriacea) (Vandelii), that occup a diversity of niches and are widely 
distributed over the world’s oceans, from tropical to temperate waters (Bowen & Karl, 
2007; Páez-Osuna et al., 2009), all illustrated in table 1. These reptiles choose temperate 
and tropical sandy beaches, crossing oceanic frontal systems and gyres, coastal mangrove 
forests, neritic reefs, seagrass beds and other shallow foraging areas. During their 
development, marine turtles may cross entire ocean basins, and adults and juveniles have 
been shown to interact with major oceanic surface currents, high temperatures, 
precipitation, ocean acidification and sea level rise (Hawkes et al., 2009). 
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6.2 The Five Species in Mozambique 
6.2.1 Caretta caretta (Linnaeus) (Loggerhead turtle) 
The loggerhead turtle is named for its large head, which may be up to 26 cm 
across. Such a large head is partly due to its heavy jaw musculature and its hard-shelled 
diet, which includes clams, conch, barnacles and other mollusks (O’Keefe, 1995). They 
have about 90-130 cm and weigh about 100 kg until 180 kg (Pritchard & Mortimer, 1999; 
Louro et al., 2006). 
They have five pairs of lateral scutes: three pairs of scutes (called inframarginal 
scutes) separate the large plastron scutes from the marginal scutes at the shell’s edge and 
two pairs of large scales called prefrontals are located on the top of the head (big and 
triangular) between the eyes and the nostrils. Each of the loggerhead’s forelimbs has two 
claws. The male has a much longer tail which enables him to grasp the female during 
mating (O´Keefe, 1995; Louro et al., 2006). 
Loggerheads mature between the ages of 20 and 30 years. Adults have red 
brownish carapace in colour. The adult plastron attains a length of between 90 and 120 
cm long, but the Mediterranean nesting turtles are much smaller. Loggerheads are 
believed to be capable of reproduction for as long as 30 years. 
Loggerhead nesting begins in spring, extending from late April to September. An 
average clutch consists of about 100 eggs. After nesting, the females travel long distances 
to their feeding grounds (O’Keefe, 1995). Caretta caretta is a species with a wide 
distribution in coastal waters of tropical and subtropical regions in all oceans and the 
Mediterranean Sea. The adults have coastal habits, benthic neritic (bottom dwelling in 
coastal waters) and juveniles and sub-adults occur exclusively in the high seas (Pritchard 
& Mortimer, 1999; Louro et al., 2006), in all Mozambican coastline, although being more 
common in southern Mozambique (Louro et al., 2006). 
6.2.2 Dermochelys coriacea (Vandelii) (Leatherbacks turtle) 
Leatherbacks are the Godzillas of the turtle world. Largest of all sea turtles, they 
weight more than 500 kg and have between 160-190/200 cm. Leatherbasck’s plastron is 
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black, length between 140 cm and 170 cm, has white splotches and is raised into a series 
of seven longitudinal ridges. The plastron is small and white with black splotches (Spoila, 
2004; Louro et al., 2006). 
Leatherback’s head is big and triangular with a mouth, specially, adapted for a 
jellyfish diet. First, the turtle sucks in its food by expanding its throat. To retain the soft 
food, the mouth contains numerous stiff, three-inch spines that point backward and the 
six-foot esophagus is lined with backwardpointing spines. The razor-sharp, notched jaws 
are also well adapted for cutting and holding soft prey like jellyfish (O’Keefe, 1995).  
Leatherbacks are endotherms, maintaining a core body temperature of around 
25⁰C by a variety of anatomical/physiological adaptations. These include possession of a 
thick layer of subcutaneous blubber, countercurrent heat exchangers in the flippers, 
different compositions of peripheral and central lipids and an unusual oesophageal 
arrangement that allows gelatinous food to be warmed before reaching the core 
(Davenport, 1998). 
This species and Caretta caretta nest in the same beach along the Mozambican 
coast: in southern Mozambique, from the BANP to Ponta do Ouro (Louro et al., 2006). 
6.2.3 Lepidochelys olivacea (Linnaeus) (Olive ridley turtle) 
The olive ridley turtle is small with between 35 to 60 kg of weight and length 
between 70 to 80 cm, having a green plastron above (between 70 to 80 cm) and light 
greenish-yellow plastron below. Its head is large with powerful jaws. They spend their 
adult lives swimming along drift lines, where debris and masses of floating seaweed 
(algae) are concentrated and feeding on the animals available there. This specie eats a 
varied diet of crabs, jellyfish, clams, snails and some algae (Spotila, 2004; Louro et al., 
2006). 
Lepidochelys olivacea is a pantropical species, living mainly in the northern 
hemisphere, with the 20⁰C isotherms as its distributional boundaries. These turtles travel 
only in Pacific, Indian and Atlantic Oceans, rarely in eastern North Atlantic (Pritchard & 
Mortimer, 1999). The major reproductive colonies are found in continental coastal 
waters, where they usually are observed in large flotillas traveling between breeding and 
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feeding grounds, principally in the Eastern Pacific and the Indian Ocean. The largest 
numbers of this turtle arrive principally to the coasts of Mexico and Costa Rica, with 
spectacular reproductive habitats (Páez-Osuna et al., 2009). 
In Mozambique this species and the hawksbill occur in North coast but the nesting 
areas are not well known (MICOA, 2007). The Cabo Delgado Biodiversity Project has 
reported this species to occur between Vamizi and Rongui Islands, as well as close to 
Quiterajo, all year round. Its relative abundance suggests that this species uses this area 
as forraging and developing ground (Louro et al., 2006). 
6.2.4 Eretmochelys imbricata (Linnaeus) (Hawksbill turtle) 
These turtle is small to medium-sized compared to other sea turtle species. Adults 
weigh 100 kg in the maxium and they have about 90 to 100 cm (Pritchard & Mortimer, 
1999).  
The carapace of an adult ranges from 80 cm to 100 cm in length and has a 
"tortoiseshell" coloring, ranging from dark to golden brown, with streaks of orange, red, 
and/or black; is dark amber with radiating streaks of brown or black and plastron is 
whitish-yellow and her head is narrow with a strongly hooked beak that gives it its name. 
The carapace has thick overlapping scales (scutes) and is serrated along the posterior 
edge (Spotila, 2004). The shells of hatchlings are 42 mm long and are mostly brown and 
somewhat heart-shaped. The plastron is light yellow to white. The rear edge of the 
carapace is almost always serrated, except in older adults, and has overlapping scutes. It 
has a thin head, with a bird-shaped beak, and 2 pairs of pre-frontal scutes (Louro et al., 
2006). This turtle has a typicaly particular diet that includes several species of marine 
sponges and cnidarians. Hawksbill turtles have been extensively exploited for centuries 
for tortoiseshell (Monzón-Argüello et al., 2010). These turtles are distributed in coastal 
waters and spend their first years of life in pelagic habitats at the surface of the ocean. 
Larger juveniles and adults are closely associated with coral reefs, but they also forage on 
other hard bottom habitats throughout the tropics and, to a lesser extent, the subtropics. 
They nest on insular and mainland sandy beaches (Meylan et al, 1999). 
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Table 1. Illustrations of 5 species of marine turtles that occur in Mozambique Channel (adapted from 
NOAA, seaturtle.org). 
Species Turtle Head 
C. caretta 
  
D. coriacea 
 
 
L. olivacea 
  
E. imbricata 
 
 
Ch. mydas 
 
 
 
The hawksbill turtle is circumtropically usually occurring in the Atlantic, Pacific, 
and Indian Oceans and associated bodies of water. These turtles are widely distributed, 
throughout the Caribbean Sea and western Atlantic Ocean, regularly occurring in 
southern Florida and the Gulf of Mexico (especially Texas), in the Greater and Lesser 
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Antilles, along the Central American mainland south to Brazil and along the Mozambican 
coast not occuring in the Mediterranean Sea (Harewood & Horocks, 2008). 
In Mozambique is found throughout the coastline, but is mostly abundant in the 
northern part of the country, where shallow coral reefs are most common (Louro et al., 
2006). 
6.2.5 Chelonia mydas (Linnaeus) (Green turtle) 
Green turtles weight between 120 to 230 kg and 120 cm. They have an oval-
shaped carapace with 90-120 cm of lengh and weigh about 200 kg until 250 kg (Pritchard 
& Mortimer, 1999; Louro et al., 2006). 
Green turtles are not named for their external coloration, which is commonly 
olive-brown with dark streaks, but from the color of their body fat. A small but important 
distinguishing mark is the single pair of elongate prefrontal scales on the upper snout; 
most other species have these divided into four prefrontal scutes. The underside, 
plastron, tends to be white in the young and yellowish in adults (O’Keefe, 1995; Louro et 
al., 2006). It is relatively large, with two long ridges in the young. The bridge is wide, with 
four inframarginals that lack pores. The head is compact and relatively small. The 
prefrontal scales on the nose are undivided and elongate. Males have longer tails than 
females and coloration is varied. Hatchlings have a black-brown carapace with bronze 
highlights on the vertebrals, and a white border and plastron. Juveniles have a carapace 
that is dark grey, approximately 200 mm long, and thereafter may have varied ground 
colour (pale red-brown to dark brown), streaked with dark brown, red-brown and yellow 
(Branch, 1988). The shell is smooth, with thin, non-overlapping scutes, and a median keel 
in juveniles which disappears in adults. There are 12 pairs of marginals, the posterior ones 
being serrated in juveniles and smooth in adults (Branch, 1988; Pritchard & Mortimer, 
1999). 
During early life stages, green turtles are pelagic, spending their blost years on the 
high seas. As juveniles, they recruit to near-shore feeding grounds and shift to a benthic 
herbivorous diet (Seaborn et al., 2005; Formia et al., 2006). With an herbivorous life, this 
reptile grazes on marine macrophytes in shallow tropical and sub-tropical waters around 
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the world (Bourjea et al., 2007), spending the majority of their lives foraging on seagrass 
and macroalgae in shallow coastal areas and reefs (O´Keefe, 1995). 
Like other long-lived marine species, green turtles are difficult to study during 
their marine life stages and population structure and distribution are not fully understood 
(Formia et al., 2006). 
These turtles are the true ocean migrators (O´Keefe, 1995; Godley et al., 2010). To 
nest they travel east 1 400 miles through open water to reach tiny five-mile wide 
Ascension Island (O’Keefe, 1995), and it nests from the Quirimbas Archipelago to the 
Peninsula of Quewene (MICOA, 2007) and is the most common marine turtle along the 
Mozambican coast, even though there are certain regions were it is more abundant. The 
Zenguelemo area, in Bazaruto Island is the area where most green turtles have been 
captured and recaptured (Louro et al., 2006). 
6.3 Life Cycle 
They have a history tracing back over 100 million years, yet all share basic life-history 
features, including exceptional navigation skills and periodic migrations from feeding to 
breeding habitats (Bowen & Karl, 2007; Godley et al., 2010). These reptiles, basically, 
spend their entire lives in marine or estuarine habitats. Their only remaining reptilian ties 
to terrestrial habitats are for nesting and restricted cases of basking. Consequently, 
physiological, anatomical and behavioral adaptations have evolved largely in response to 
selection in the aquatic environment, and sea turtles share many common elements with 
larger fishes and cetaceans in their habitat utilization and migrations (Lutz & Musick, 
1996; Godley et al., 2010). The basic sea turtle life history strategy is similar in all species 
(Figure 3) (Davenport, 1998). Most sea turtles (females) return to the beach where they 
borned, often travelling hundreds of kilometres to do so. Because their bodies are well 
adapted to a life in the sea, sea turtles move slowly and with difficulty on land. The 
females drag themselves up the tropical, subtropical or warm-temperate beaches to find 
a spot to dig a hole in which to lay their eggs. It is a long, slow process as each female lays 
several hundred eggs (with small size), then fills in the hole and returns exhausted to the 
sea (Lutz & Musick, 1996; Devenport, 1998). When the eggs hatch, the tiny hatchlings dig 
out of the sand and dash for the sea. Mortality is known to be very high during the early 
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stages of the life history and is associated to birds, crabs and animals waiting to grab 
them as they make their way to the sea, where other predators are waiting also (1% of all 
hatchlings reach adulthood) (Lutz & Musick, 1996; Bowen & Karl, 2007). 
Older juveniles of some species, such as loggerheads (Caretta caretta) and green turtles 
(Chelonia mydas), eventually leave the open-ocean environment and take up residence in 
neritic feeding grounds, sometimes migrating seasonally between summer and winter 
habitats (Bowen 1995, Bowen & Karl, 1997; Lohmann et al., 2008, Godley et al., 2010). In 
contrast, other species, such as the leatherback Dermochelys coriacea, typically remain in 
the open-sea environment, often wandering over vast areas in search of food. As adults, 
turtles of nearly all species migrate from their feeding grounds to specific mating and 
nesting aeas and back again. The highly mobile lifestyle of sea turtles is thus dependent 
on an ability to navigate reliably through the ocean environment (Avise, 2007; Lohmann 
et al., 2008).  
 
 
 
 
 
 
 
 
Figure 3. a) Juvenile turtle from Vamizi Island. b) Conceptual model of generalized sea turtle life story 
(adapted from Davenport, 1998). 
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6.4 Nesting Process 
 The general nesting process includes: beaching, digging, laying, filling-in and 
returning, being the same in all species of sea turtles, although some differences do occur 
(Lutz & Musick, 1996; Hoguane, 2007). The general pattern contains (Table 2): (a) 
emerging from the ocean; (b) ascending the beach; (c) excavating the body pit; (d) digging 
the egg chamber; (e) oviposition; (f) filling in the egg chamber; (g) filling the body pit and 
(h) returning to the sea.  
Table 2. Stages of Sea Turtle Nesting Behavior (adapted from Lutz & Musick, 1996). 
Activity Species Differences 
Stranding, Testing of sand, and emergence from 
wave wash 
Similar in all species; D. coriacea may be more 
direct than other species; L .olivacea and L. kempi 
in arribadas. 
Ascent of the beach Similar in all species; usually fairly direct uphill 
unless debris causes deviation. 
Selecting nest site Similar in all species; may be related to change in 
temperature. 
Clearing nest site All species actively clear area, possibly in response 
to litter and vegetation at site. 
Excavating body site Similar in all species; Ch. mydas digs 
proportionally deep body pit. 
Excavating nest hole Similar in all species; achieved by alternating use 
of hind flippers. 
Oviposition Similar in all species; hind flipper positioned 
differently 
Filling and packing nest chamber E. imbricata ladles sand over eggs; others scrape 
sand into hole; L. olivacea and L. kempi rock body 
forcefully to compact sand; D. coriacea pivots 
with weight on rear body; other species use hind 
legs to “knead” sand compact. 
Filling body pit Similar in all species; sand thrown backwards by 
front flippers. 
Course back to sea Similar in all species; move down slope. 
Reentering wave wash Similar in all species; a pause at edge of waves. 
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The nesting behavior of sea turtles is constrained by their anatomy and by the 
environment in which the nest is constructed. Most of the differences in nesting behavior 
may be attributed to the size of the nesting turtle, which influences its speed and mobility 
on the beach and the depth of the nest (Lutz & Musick, 1996). 
6.5 Number of Eggs and Clutches 
Parental care beyond the energetic contribution to each egg is limited to choice of 
nesting site and stereotyped burial and smoothing of the nest area. Egg number per 
clutch is very high by reptilian standards (roughly 50-200 eggs. depending on species, 
subpopulation and individual; IUCN, 2010) and females of most species appear to lay 
several clutches per nesting season (7-16 in green turtles) at intervals of 9-30 days, but 
usually do not breed every year. Eggs, much larger as well as more numerous than most 
freshwater species, incubate for about 2 months. They hatch at any time of the day or 
night, but usually emerge from the nest at night, the hatchling turtles crawling down the 
beach and swimming rapidly and continuously (“swimming frenzy”) out to sea 
(Davenport, 1998). 
The number and size of eggs, and the number of clutches laid represent the result 
of an adaptive compromise for survival (Table 3). The number of eggs in a clutch should 
be the result of the interaction among optimum egg size for hatchling/post-hatchling 
survival and dispersal, the selective advantage of the number of hatchlings produced, and 
the physical and ecological limitations of the female. The number of clutches laid during a 
reproductive period is the result of selection for the advantage of separating groups of 
eggs in time and space in the context of the capacity of the female to produce the eggs 
within the risks such as exposure to predation operating within other limitations such as 
the length of the nesting season and the energy required for reproduction (Wallace et al., 
2006). Selection favors fecundity; however, when approaching the extreme case, density 
dependent factors such as predation (including by human) may intensify to cause local 
and sometimes large-scale extinctions. The density of turtles attempting to nest on a 
beach may have a direct impact on the number of eggs destroyed by subsequent nesting 
attempts (Davenport, 1998; Wallace et al., 2006). 
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Table 3. Reproductive Characteristics of Marine Turtles: Sizes of Eggs and Hatchlings (adapted Lutz & 
Musick, 1996). Values are means of means of populations (standard deviation), number of populations 
included. 
Species 
Clutch count 
(# of eggs) 
Egg weight (g) 
Egg diameter 
(mm) 
Egg  (cc) 
Hatchling 
weight (g) 
Dermochelys 
coriacea 
81.5 (3.6) 12 75.9 (4.2) 4 53.4 (0.5) 9 79.7 (2.4) 9 44.4 (4.16) 5 
Chelonia 
mydas 
112.8 (3.7) 24 46.1 (1.6) 10 44.9 (0.7) 17 45.8 (1.2) 17 24.6 (0.91) 11 
Lepidochelys 
olivacea 
109.9 (1.8) 11 35.7 (-) 1 39.3 (0.4) 6 31.8 (1.1) 6 181.7 (-) 1 
Eretmochelys 
imbricate 
130.0 (6.8) 17 26.6 (0.9) 5 37.8 (0.5) 1 28.7 (1.3) 11 14.8 (0.61) 5 
Caretta 
caretta 
112.4 (2.2) 19 32.7 (2.8) 7 40.9 (0.4) 14 36.2 (1.1) 14 19.9 (0.68) 7 
 
According to Lutz & Musick, 1996 Dermochelys coriacea’s eggs have the biggest 
diameter and Eretmochelys imbricata’s eggs have the smallest, can be proved through 
Louro et al., 2006 that says Dermochelys coriacea’s eggs have 5 cm, Chelonia mydas (4.5 
cm), Lepidochelys olivacea (4 cm), Eretmochelys imbricata (3.5 cm) and Caretta caretta (4 
cm). 
6.6 Bycatch: Incidental Capture of Sea Turtles  
 Although sea turtles are threatened or endangered with extinction as a result of 
many human-related activities, incidental capture is perhaps the greatest threat to 
juvenile and adult sea turtle populations worldwide (Bach et al., 2008; Bourjea et al., 
2008; Pusineri et al., 2008; Camillo et al., 2009;). Incidental capture in fishing gear such as 
trawls, longlines and gillnets, as well as the ingestion or entanglement in discarded or lost 
fishing gear, are all cited as major sources of mortality for sea turtles (Poonian et al., 
2008; Camillo et al., 2009). 
These reptiles frequently carry out long migrations of hundreds or thousands of 
kilometers during their life cycle, usually between feeding and nesting areas. These vast 
migrations and their tendency to concentrate in highly productive areas often coincide 
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with the majority of fishing efforts, making them vulnerable to incidental capture 
(Bourjea et al., 2008; Pusineri et al., 2008; Godley et al., 2010). Sea turtles may be 
attracted to the bycatch discarded by these fisheries thus further increasing their risk of 
being captured or entangled. The majority of these animals are also known to 
occasionally get hooked on fishing gear by feeding on the bait (Lutz & Musick, 1996). This 
situation occurrs in all environments, in Mozambique Channel, but is more frequent on 
seagrass beds and open waters. For example, in Kenya, there has been documentation of 
sea turtles caught in trawl nets in shrimp fisheries, been estimate that this country was 
responsible for 3 500 tons of bycatch in 2005, been the average approximately 100 to 500 
turtles caught annually as bycatch (Wamukoys & Salm, 1998). In these cases, green turtles 
were four times more frequently caught than hawksbills, released dead in 9% cases and 
retained for meat consumption in 2% cases (Bach et al., 2008; Pusineri et al., 2008). 
Sea turtles play a critical role in the marine ecosystem. They are keystone species; 
meaning that although their relative abundance within the ecosystem is small, their 
removal would have a profound effect on the composition, structure and functioning of 
the community (Bourjea et al., 2008; Mrosovsky et al., 2009). 
6.7 Conservation 
For centuries, meat from green turtles and shell from hawksbill was exported to 
foreign markets in Europe and Asia, providing a source of revenue for the region. Over-
exploitation in the WIO and elsewhere has resulted in the decline or collapse of many 
sizable turtle populations (Mortimer). The factors affecting their survival can highlight the 
following: the destruction of habitats, nests and the resulting collection of eggs, the killing 
of females spawning (Figure 4 a) e b).) , the turtle meat provided protein to coast 
residents, coastal erosion, climate changes, fishing accidental and intentional, the 
inadequate development of coastal tourism and movement of cars in beach, hence the 
increase of urbanization and tourism infrastructure on the beaches contribute to the 
causes of the reduction does not cease (Cabral et al., 1990 and Camillo et al., 2009), so 
the protection of  different nesting habitats is essential for the conservation of these 
species, increasing the genetic and fenotipic population variability, making them better 
and able to cope the threats (Camillo et al., 2009). 
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Figure 4. a), b) Carapace and members of turtle. 
Thus, the turtles are internationally recognized as priority species for 
conservation, and protected by national and international law. On the other hand, 
knowledge concerning places of occurrence, feeding and nesting, and other biological 
aspects of marine turtles in Mozambique is scarce (Pereira et al, 2009). 
All sea turtle species are endangered, so the type and number of investigations 
that can be carried out upon them is limited ethically and by statute. Observational or 
experimental replication is commonly compromised (Camillo et al., 2009). Particularly 
invasive physiological or biochemical studies are rare, so turtle researchers often turn to 
common freshwater/brackish water forms as useful models, and extrapolate to marine 
species. Because of these constraints, generalizations about sea turtle biology need to be 
viewed with some reservation (Dutton et al., 2008).  
The Mozambican coast hosts five species of marine turtle including the green 
(Chelonia mydas), olive ridley (Lepidochelys olivacea), loggerhead (Caretta caretta), 
hawksbill (Eretmochelys imbricata) and leatherback turtles (Dermochelys coriacea). These 
species are listed as either “endangered“(EN) (leatherback and hawksbill turtles) or 
“critically endangered” (CR) (green, olive ridley and loggerhead turtles) by the IUCN and 
are listed on Appendix I of the Convention on Trade in Endangered Species, to which 
Mozambique has been a signatory since 1981 (Lara-Ruiz et al., 2006; Costa et al., 2007, 
IUCN, 2010). In addition, all turtle species are protected under national legislation so that 
the killing of marine turtles and possession of their eggs is an offence under a Forest and 
Wildlife Regulation (Decree 12/2002 of 6 June 2002) (Bjorndal et al., 1996; Lara-Ruiz et 
al., 2006; Costa et al., 2007). 
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6.8 Temperature and Mortality 
Low or high temperatures are a significant source of mortality in several turtle 
species. In the north Atlantic specimens of juvenile turtles (particularly loggerheads, but 
occasionally green turtles or Kemp’s ridley) are often found dead or dying in coastal 
waters because of “cold-stunning”. This phenomenon appears to stem from adverse 
weather conditions taking young turtles out of the oceanic gyres that normally keep them 
in warm surface waters. In the United Kingdom and Western Europe prolonged strong 
southwester lies are associated with subsequent loggerhead stranding episodes, as in 
1990 when small loggerheads were reported from shores around the Irish Sea. Once in 
cooler waters, young turtles face a spiral of detrimental consequences. At around 20⁰C 
they will cease to feed and at 15⁰C locomotory integration becomes degraded. Finally, at 
sustained temperatures much below 10⁰C will be followed by death (Davenport, 1998). 
Adult turtles feeding in enclosed, shallow waters close to the limits of geographical 
distribution are also vulnerable to cold-stunning during spells of cold weather (Davenport, 
1998). 
Nesting and emergence of hatchlings from the nest normally take place during the 
night or at dusk/dawn, when environmental temperatures are usually below 30⁰C even in 
the tropics. Terrestrial locomotion is inefficient and stereotyped; in consequence both 
nesting females and newly-emerged hatchlings can sometimes become trapped by beach 
flotsam, whether natural or artificial. Once immobilized and exposed to the full force of 
the sun they are likely to die of combined hyperthermia and desiccation (Davenport, 
1998). 
6.9 Genetic Studies 
The study of turtle population genetics has come a long way in the past few 
decades. In the early 1990s, technologies such as polymerase chain reaction (PCR) and 
automated DNA sequencing spearheaded a boom in molecular ecology (Lee, 2008). 
Sequences of the marine turtles´s mitochondrial DNA (mtDNA) control region, have been 
increasingly applied as genetic “tags” for studies like, molecular evolution (Formia et al., 
2006) population structure (Bjorndal et al., 1996; Rakotonirina & Cooke, 1994; Chaloupka 
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& Limpus, 2001;), reproductive behaviour (Camillo et al., 2009), conservation (Bjordan et 
al., 1996) and migratory (Troëng et al., 2005; Lauret-Stepler et al., 2007; Godley et al., 
2010), besides providing a foundation for conservation and management strategies 
(Encalada et al., 1996; Abreu-Grobois et al., 2006; Proietti et al., 2009). In this context, 
green turtles have emerged as model organisms for such studies (Avise, 2007).  
6.9.1 mtDNA: Mitochondrial DNA 
The mtDNA represents between 1 and 2% of celular DNA, double-stranded, 
circular molecule enconding 37 genes. The human genome is haploid due to its strictly 
motherly inheritance, and so it is not subjected to recombination processes, having been 
sequenced by Anderson et al. (1981). The strings of mtDNA have an assimetric 
distribution of guanines and cytosines that generate a heavy chain and a light chain. Each 
string is transcribed from a promotor PL and PH1, localized in the control region, in which 
the D-Loop is included. This region, generated by the synthesis of a short segment of the 
heavy chain named 7SDNA, where the beginning of the replication of the heavy chain is 
located, is very important from a forensic point of view, because this is a hypervarible 
region and small enough to be approached by mean of PCR sequencing (Santos et al., 
2005).  
Genetic diversity is a fundamental component of life on earth. Without it, there 
can be no evolution, no diversification, and thus, little or no biodiversity at any level of 
biological organization. In a contemporary sense, without genetic diversity, populations 
cannot respond to biological or environmental changes through natural selection be 
those changes natural or anthropogenic in origin (Aliacs et al., 2007). This genetic 
diversity can be study with mitochondrial DNA, showing results related with population 
genetic structure and evolutionary relations (Encalada et al., 1998; Lal et al., 2010).  
PCR: Polymerase Chain Reaction 
PCR is an extremely valuable technique from small samples of blood, saliva, hair 
follicles, semen and in this study, tissue. It is based on the process of DNA replication that 
occurs in vivo. During the PCR, high temperatures are used to separate the DNA 
molecules in two simple chains, thus allowing the connection of initiating 
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oligonucleotides (primers), also in simple chain and generally constituted by 15 to 30 
nucleotides, obtained by chemical synthesis (McPherson et al., 2000; Altshuler et al., 
2006). To amplify a determined region, two complementary initiators of the sequences 
that flank the DNA fragment to amplify are needed, in their 3’ terminals, to allow for the 
DNA polymerase during the complementary chain synthesis. As a mold, each of one of 
the two simple DNA chains are used to amplify it (Figure 5).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. A Polymerase Chain Reaction (PCR) illustration with main conditions to this study (adapted 
from molecularstation.com). 
 PCR reaction consist in 3 steps: a) Denaturation with a separation of the two 
strands of the DNA double helix, DNA fragments are heated at high temperatures, which 
reduce the DNA double helix to single strands. These strands become accessible to 
primers; b) Annealing (the reaction mixture is cooled down). Primers anneal to the 
complementary regions in the DNA template strands, and double strands are formed 
again between primers and complementary sequence and c) Extension, the DNA 
polymerase synthesises a complementary strand. The enzyme reads the opposing strand 
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sequence and extends the primers by adding nucleotides in the order in which they can 
pair. The whole process is repeated over and over. 
The DNA polymerase, known as 'Taq polymerase', is named after the hot-spring 
bacterium Thermus aquaticus from which it was originally isolated. The enzyme can 
withstand the high temperatures needed for DNA-strand separation, and can be left in 
the reaction tube. The cycle of heating and cooling is repeated over and over, stimulating 
the primers to bind to the original sequences and to newly synthesised sequences. The 
enzyme will again extend primer sequences. This cycling of temperatures results in 
copying and then copying of copies, and so on, leading to an exponential increase in the 
number of copies of specific sequences. Because the amount of DNA placed in the tube at 
the beginning is very small, almost all the DNA at the end of the reaction cycles is copied 
sequences (McPherson et al., 2000; VilJoen et al., 2005). 
7. Vamizi Island: Local of Study 
7.1 Location 
 Vamizi Island lies just off the coast of northern Mozambique, with 13.8 km long 
and 1.8 km wide, in the Quirimbas Archipelago (Figure 6). This Archipelago is made up of 
32 coral islands and stretched for 100 km along the coast from Pemba to the Rovuma 
River, the natural border between Mozambique and Tanzania (Garnier & Silva, 2007; Hill 
et al., 2009).  
7.2 Setting 
This island is surrounded by untouched coral reefs and bright turquoise and blue 
water, abundant with marine life. There is a luxury lodge, which is situated on the north 
side of the island on the edge of thick coastal forests, looks out across a wide white beach 
onto the Indian Ocean beyond (Barr & Garnier, 2005; Hill et al., 2009). 
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Figure 6. Satellite view of Vamizi Island, Mozambique. Altitude from the point of vision: 15.58 km (Google 
Earth, 2010). 
7.3 Maluane Conservation Project  
The Maluane Project was conceived, and has since been supporting and funding 
the development of this concession (Hill & Garnier, 2004). 
The primary aim of the project was to combine tourism with wildlife conservation 
and community development to protect this unspoilt area in the Indian Ocean. 
The choice of this island (North Mozambique) due to the Mozambican North 
Coast, with curved and deep bays, presenting the best conditions of natural protection, 
with an alignment of coral epi-continental reefs or calcareous nature that minimize the 
effects of waves near the coast. In addition, lithologically, coastal zone´s portion presents 
consolidated rocks, predominantly calcareous, very hard and resistant to mechanical 
wear processes. Therefore, it can be considered a stable area with a low environmental 
risk (MICOA, 2007). 
7.4 The Conservation of Vamizi 
Vamizi Island and the seas around it harbour some of the most significant and 
endangered habitats and wildlife in the western Indian Ocean, with over 180 species of 
unbleached coral, and over 400 species of reef fish (Hill & Garnier, 2004). 
When the Maluane Project came to the area, there was great concern that this 
area would one day come under pressure from indiscriminate fishing and general 
population pressures. Vamizi Island and the Maluane Project have a permanent 
conservation team that support various direct conservation activities to actively resist this 
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threat. Besides a number of community initiatives, and day to day ocean surveillance, the 
team is also at work on the ocean and forest floor (Barr & Garnier, 2005). 
The current activities include turtle monitoring ((Figure 7), in-depth marine 
surveys, reporting illegal activities of industrial long-line fishing, clearing reefs and bush of 
invasive species, a low level whale research program, a dolphin research program. 
Through continued donations and a conservation fee charged to every guest, the 
Maluane Project continues to support marine research, community outreach and direct 
conservation initiatives.  
 
 
 
 
 
 
 
 
Figure 7. Conservated and protected area in Vamizi Island, Maluane Conservation Project. 
The Maluane Project is all about the preservation of Vamizi’s remote wilderness. It 
is hoped that by the use of responsible tourism to provide funding and to conserve and 
raise awareness of this extraordinary undertaking, Vamizi Island and its environs will 
remain as unspoilt and beautiful for many generations to come (Barr & Garnier, 2005; 
Davidson et al., 2006). 
7.5 Climate 
 The temperature in warmest months (October to April) is monthly average 27⁰C to 
30⁰C and the coolest months (June to August) is monthly average 21 to 25 ºC, being 
humid tropical. The water temperature of January until March is 26⁰C to 28⁰C and the 
minimum is 21⁰C to 25⁰C (July to September) (Hill & Garnier, 2004; Maueua et al., 2007; 
MICOA, 2007). 
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7.6 Mangroves 
Specifically at the study site (Vamizi) there are several species, including 
Rhizophora mucronata (Figure 8.a)), Pemphis acidula, Grewia glandulosa, Scaevola 
plumieri (Inkberry, beachberry, or fanflower), Hibiscus tiliaceus (Bladder Ketmia, Cotton 
Tree, Cottonwood, Hawaiian Tree Hibiscus Sea Hibiscus), Thespesia populnea (Aden 
Apple, Corktree, Milo, Tuliptree), Casuarina equisetifolia (Australian pine) (Figure 8.b)), 
Cyperus maritimus, Ipomoea pes-caprea, Canavalia rosea (Bay Bean, Beach Bean), 
Bruguiera gymnorrhiza, Olax dissitiflora, Euclea natalensis, Acacia xanthophloea, 
Xylotheca tettensis, Commiphora schimperi, Sterculia Africana, Adansonia digitata 
(Baobab Tree, Dead Rat Tree, Judas Fruit, Monkey Bread Tree), and Ochna (Paiva & 
Silveira, unplublished data). 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.a) Rhizophora mucronata (Paiva, pers. comm.); b) Casuarina equisetifolia (Australian pine).  
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Objectives 
• Analyse marine turtle species diversity found in the Vamizi Island, in the 
Mozambique Channel; 
• Check the frequency with which different species are distributed along the 
beaches of the Vamizi Island between September 2002 and September 2010; 
• Check what is the reproductive season with the highest production in each 
species; 
• Acquisition of scientific information and Analyze the efficiency of the existing 
marine turtle protection and management programs in Mozambique, as well as 
propose appropriate measures to improve them;  
• Study the mtDNA control region of Ch. mydas and E. imbricata and verify which 
haplotypes the sequences corresponding; 
• Analyse if there is any relationship between green and hawksbill turtles from 
Vamizi Island and others populations in the Indian, Pacific and Atlantic Oceans, 
contributing for an increase of genetic variability in the region. 
Dissertation Structure 
 This dissertation presents five sections. A General Introduction (Chapter I) aims to 
contextualize characteristics of five species of turtles, namely Chelonia mydas, 
Eretmochelys imbricata, Lepidochelys olivacea, Caretta caretta and Dermochelys coriacea 
and issues such as nesting process, life cycle and bycatch. The following are, also, 
described: geology, geomorphology and demography notions, marine plants, legislation, 
turtles’s conservation and a brief introduction of mtDNA and its importance in this study. 
In this section are also presented the objectives of the research work leading to the 
development of this dissertation. The Chapter II describes the species that appear, 
Chelonia mydas and Eretmochelys imbricata, on beaches of Vamizi Island between 2002 
and 2010, and refers the best season to reproduction as well as future studies than can 
be made to protect these animals, like conservation programs. The Chapters III and IV 
describe the importance of genetic study and diversity, being a fundamental component 
of life on earth and also describe the mtDNA study of green and hawksbill turtles, 
respectively, as well as the obtained results and conclusions. This and the previous 
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chapters intended to be articles drafts to submit to journals. The final chapter, V, is a 
general discussion/conclusion of the results that were obtained in the entirety of the 
work, including the ecological and molecular results. 
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Chapter II  
Reproductive activities of sea turtles (Chelonia mydas and 
Eretmochelys imbricata) in Vamizi Island - North Mozambican 
Coast 
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Marine turtles (Ch. mydas and E. imbricata) distribution and ecology  
on North Mozambican Coast 
 
Paper in draft form (in preparation for submission) 
 
Abstract: The green turtle (Chelonia mydas) and hawksbill turtle (Eretmochelys imbricata) 
are classified by IUCN as “critically endangered” and “endangered”, respectively, because 
of global declines over the past few centuries due to human exploitation and habitat 
destruction, particularly the loss of nesting areas. The main objective of this study was to 
assess and identify nest activity in Vamizi beaches, as well as the frequency during the 
period of study (September 2002 and September 2010). There were registered 1360 
green turtles and 93 hawksbill turtles in differents beaches in Vamizi, with a marked peak 
in March, in both species, concluded a high number of nests in this month. The majority 
of nesting activity occurred in Comissete and Farol beaches. Turtle nesting on Comissete 
was predominant between November and February and on Farol beach was between 
March and June. These differences can be due to the different sides that these beaches 
occup in the island, Comissete during north-east monsoon (kaskasi) and Farol during the 
southeast monsoon (kusi) and due to the complex oceanic waters circulation pattern. 
In general, during the years the nests increased (green turtle), due to Maluane 
Project interference in this island, in an effort to combat the tendency that predicts a 
decline and even extinction of these species. Further studies and an intense conservation 
program are needed to improve our knowledge of the general biology and ecology of 
marine turtle populations. 
 
Key words: Green turtle · Chelonia mydas · Hawksbill turtle· Eretmochelys imbricata· 
IUCN· Vamizi Island· Conservation. Nesting site·  
Introduction 
The islands located in the Mozambique Channel are major nesting and feeding 
sites for: hawksbill turtle (Eretmochelys imbricata) classified as “Critically Endangered” 
(CR) by the IUCN Red List (Bjorndal et al., 1996; Godfrey et al., 2008; IUCN, 2008), that has 
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a circumglobal distribution in tropical areas of the Atlantic, Indian and Pacific Oceans 
(Lara-Ruiz et al., 2006; Tacquet, 2007; Bourjea et al., 2008, with a typically particular diet 
that includes several species of marine sponges and cnidarians, assisting rarer species to 
become established on coral reefs and helps maintain the biodiversity of the reef, 
indicating a healthy coral reef (Agusa et al., 2008; Monzón-Argüello et al. 2010) and the 
green turtle (Chelonia mydas) currently considered “endangered” (EN) by the IUCN Red 
List (Bjorndal et al., 1996; IUCN, 2008), a marine reptile of worldwide tropical and 
subtropical distribution, with a long lived (Lal et al., 2010). For this reason, is considerated 
a fundamental component of recovery and conservation is an understanding of its 
foraging ecology. 
Generally, sea turtles are highly migratory, and individual animals may travel tens 
of thousands of kilometers in their lifetimes, spending various lengths of time in the open 
sea, and in territorial waters of multiple states (Lauret-Stepler et al., 2010; Costa et al., 
2007 (b); Godley et al., 2010), crossing entire ocean basins and must interact with major 
oceanic surface currents. Other climatic aspects can affect these reptiles, such as extreme 
weather events, precipitation, ocean acidification and sea level rise (Hawkes et al., 2009). 
But is the green turtle which is considered the true ocean migratory that grows slowly, 
often taking some 25 to 30 or more years to reach maturity (Bourjea et al., 2007). During 
this developmental period, they occupy series of foraging habitats dispersed over an 
extensive area. Upon reaching adulthood, reproductive females typically make long 
distance migrations between feeding sites and their natal breeding beaches (Troëng et 
al., 2005; Lauret-Stepler et al., 2007; Lohmann et al., 2008; Godley et al., 2010). They 
show great fidelity to both nesting and feeding grounds, even though these may be 
separated by thousands of kilometers (Mortimer). They typically lay multiple clutches 
within a season, with 1 to 9 or more years separating successive breeding seasons 
(Bourjea et al., 2007). 
The sea turtle population has declined in recent decades (Cabral et al, 1990; 
Camillo et al., 2009; Ciccione et al., 2010). An example is Ch. mydas’s population that has 
declined several orders of magnitude on a global scale during the last few centuries due 
to direct off take and hunting of all life stages, degradation of nesting habitats, ingestion 
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of synthetic material (Lal et al., 2010) and human activities (destruction of nests, 
collection of eggs, the killing of females spawning, turtle meat, coastal erosion, fishing 
and the inadequate development of coastal tourism) (Cabral et al, 1990; Bourjea et al., 
2008; Camillo et al., 2009).  
But it’s not only the green turtle that has decreased, but also the hawksbill 
population. These species have declined due, also, to the fishing accidental capture 
(bycatch) in fishing gear such as trawls, longlines and gillnets, as well as the ingestion or 
entanglement in discarded or lost fishing gear, which are all cited as major sources of 
mortality for sea turtles (Bach et al., 2008; Bourjea et al., 2008; Poonian et al., 2008; 
Pusineri & Quillard, 2008). In this context, the objectives of this study were to identify the 
marine turtles species in the Vamizi Island (Mozambique Channel), to verify the frequency 
of different species along the beaches of the island, to verify the reproductive season 
with the highest production for each species and try to find effective monitorisations and, 
consequently, conservation programs adequate to these species. 
Material and Methods 
Study area 
The study area was Vamizi (Figure 1), one of the islands located on Northern 
Mozambique (border with Tanzania) with 13.8 km long and 1.8 km wide in north of the 
Quirimbas Archipelago, which has suitable beaches for nesting, including the longest one, 
Comisette beach which is north facing and where one lodge is located. Another one is 
Soweto beach which is also north-facing, the east facing beach of Farol and two smaller 
south facing beaches (Pangaio and Muntu Nkulu). There are three more beaches, namely 
Kivuri with its fishing camps, Mitundo and Aldeia. This island is surrounded by untouched 
coral reefs and bright turquoise and blue water, abundant with marine life. 
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Figure 1. Map of Africa showing the location of Vamizi Island in the Quirimbas Archipelago in northern 
Mozambique and Maluane Project areas in Vamizi. a) Adapted from Hill et al., 2009 b) Paiva, pers. comm.). 
It presents the best conditions of natural protection, with an alignment of coral 
epi-continental reefs or calcareous nature, which minimize the effects of waves near the 
coast (MICOA, 2007). 
Turtle capture, tagging and reobservation 
The monitoring program included visits along beaches of Vamizi and nest sites, 
conducted by local conservation team, through patrols between 2002 and 2010.  
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A tag program was set up. The tagging was made in hind-flippers (titanium tag, 
series MZC 0000). 
Latitude and longitude of most turtle observation and capture locations were 
determined by Global Positioning System (GPS) receiver (Magellan NAV5000D, used in 2D 
non-differential mode). 
Results 
Data analysis 
These results are related to the nest activity between September 2002 and August 
2010 in the different beaches of Vamizi Island, Mozambique. 
 Through the analysis of Figure 2 it can be said that there is a higher emergence of 
the Chelonia mydas with 1422 turtles (94%) compared to Eretmochelys imbricata with 91 
turtles (6%). 
 
 
 
 
 
 
 
 
 
 
Figure 2. Distribution (%) of species (Chelonia mydas and Eretmochelys imbricata) in the different Vamizi 
Island beaches between 2002 and 2010. 
Farol and Comissete are the most visited beaches to Ch. mydas species, where 742 
and 389 turtles were seen, respectively (Figure 3). For E. imbricata, is Kivuri beach with 33 
and Comissete with 12 turtles seen. It should be noted that the other high number, 20, 
correspond to unkonwn beach (N/A). Pangaio beach registered a total number of 125, 
from which 122 are green and 3 hawksbill turtles. Muntu Nkulu beach obtained a total of 
Marine Turtles in the North of Mozambique - Notes for their Conservation 
  
 
54 
 
82 Chelonia mydas and 1 Eretmochelys imbricata. Soweto beach was recorded one 
species, Ch. mydas, (9) and Metundo beach only E. imbricata (3). Metundo and Aldeia 
beaches present 1 species of turtle with 2 and 3 turtles, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Green and Hawksbill ocurrence along Vamizi beaches. 
This study encompasses data from Nquissanga (7) and Nquipua (8) beaches, but 
these do not belong to Vamizi Island. The data allows to verify the existence of more 86 
turtles, 20 hawksbill and 66 green, but it’s not possible to know what where the beaches 
they were found (N/A). 
The Figure 4 and table 1 show that March was the month with a higher number of 
occurrences of green turtle with 196 and November was the lowest with 33 turtles seen. 
For hawksbill turtle the higher occurrence was in the same month (March) with 16 turtles 
and August and September with the minimum number (2 turtles) (Figure 5, Table 2).  
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Figure 4. Green turtle ocurrence between 2002 and 2010.  
 
 
Figure 5. Hawksbill turtle ocurrence between 2002 and 2010.  
 
Regarding the green turtle, through the analysis of table 1, there is a high 
emergence between February and June, with an average of 175.6. High numbers were 
observed in 2005, 2008 and 2010, showing the maxium value on March with 196 turtles 
and 2010 with 47 turtles in May. 
From 2004 to 2005 a large increase was recorded with 131 and 218, respectively. 
Another, and very important, aspect is the low value distribution between August and 
December with an average of 2.4 turtles seen in 2004 and a higher average of 17.2 in 
2005. Between 2005 and 2007 is the bigger decline of turtles, with 218 in the begin and 
189 in the end and March was the month that we could see a higher number of these 
turtles in Vamizi, in contrast with November that had 33 total turtles. 
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Table 1. Occurrence of Chelonia mydas along 2002 until 2010. 
Month/Year 2002 2003 2004 2005 2006 2007 2008 2009 2010 Total 
January   7 18 20 22 19 16  3 105 
February   18 15 26 35 35 27  11 167 
March   31 21 20 18 35 47  24 196 
April   18 23 21 19 26 29  29 165 
May   15 13 23 34 20 33  47 185 
June   25 23 10 35 15 31  26 165 
July   26 6 12 20 12 14  23 113 
August   16 1 15 13 5 13   30 93 
September 2 6 1 26 3 11 12   30 91 
October 2 6 0 21 6 3 22    60 
November 4 5 1 11  0 2 10    33 
December 6 13 9 13  0 6  0    47 
Total 14 186 131 218 205 189 254  223 1420 
 
 Regarding to E. imbricata data (Table 2), 2004 and 2005 are the years that the 
total number was the same with only 8 turtles seen in the island. In 2006 the number 
drops sharply with 1 turtle seen. The higher number of turtles corresponds to 2007 and 
2008 with 25 and 51, respectively. In 2009 and 2010 wasn’t seen any turtle. As we can see 
through the Figure 1 analyses, is also notable, through the data of tables 1 and 2, the 
higher presence of green turtle than hawksbill. 
 
Table 2. Ocurrence of Eretmochelys imbricata between 2002 and 2010. 
Month/Year 2002 2003 2004 2005 2006 2007 2008 2009 2010 Total 
January       7   7 
February    2  1 5   8 
March    1 1 3 11   16 
April    1  2 4   7 
May   3    9   12 
June       9   9 
July      2 6   8 
August   1 1      2 
September    2      2 
October      3    3 
November      8    8 
December   4 1   6     11 
 Total   8 8 1 25 51   93 
  
There were found a total of 1513 turtles, from which 1324 laid eggs in the island, 
being 1231 nests to Chelonia mydas and 93 to E. imbricata. The majority of nesting 
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activity occurs on Comissete and Farol beaches for green turtle, during all months (Figure 
6) and in Kivuri to hawksbill turtle (Figure 7). Turtle nesting on Comissete, for green turtle, 
is predominant between November (16) and February (61). The lowest season begins in 
the end of this month and goes until October with 19 nests found. The highest nesting 
activity on Farol beach is between March (95) and May (114), with a marked peak. It 
should be noted that in January the activity has an exponencial growth until the highest 
month. December is the month with the lowest activity, presenting 4 nests (Figure 6).  
 
Figure 6. Nesting seasonality in green tutles in two beaches of Vamizi Island, 2002-2010. 
 
Reggarding E. imbricata, anlysing all beaches there are a maxium value in March 
with 16 nests. The period with the highest production (between November (8) and 
March) is the same that occur in Comissete beach. The months that present a lower 
activity are August (2), September (2) and October (3) (Figure 7). 
 Nesting activity on Pangaio beach is higher in March and May with 18 nests. 
December presents the lower nest activity with only 10 nests. Reggarding Muntu Nkulu 
beach the highest values were in March and May with 11 and 10 nests, respectively, with 
no activity in July and November (Table 3). Soweto beach with a lower activity, compared 
to the previous, had a total number of 8 nests, with only 2 nests between January and 
March (2 per month). 
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Figure 7. Nesting seasonality in hawksbill tutles in all beaches of Vamizi Island, 2002-2010. 
 
Table 3. Green and hawksbill turtles´s nesting activities beteween January and December, 2002-2010, in 
all beaches, except Comissete and Farol (*unkown beaches). 
Month/Beach Muntu 
Nkulu 
Pangaio Kivuri Metundo Soweto Aldeia Nquipua Nquissanga N/A* Total 
January 3 10 2 1 2 1 1 0 0 20 
February 8 10 5 0 2 0 0 0 0 25 
March 11 18 13 0 2 0 0 2 2 48 
April 8 13 0 0 1 0 0 0 6 28 
May 10 18 0 0 0 0 0 0 12 40 
June 4 14 7 0 0 0 0 0 4 29 
July 0 10 7 1 0 0 0 1 0 19 
August 4 10 0 0 0 0 0 0 31 45 
September 3 7 0 0 0 0 0 0 31 41 
October 6 10 2 1 0 0 0 0 0 19 
November 0 4 4 0 0 0 4 2 0 14 
December 1 1 1 0 1 1 3 2 0 10 
 Total 58 125 41 3 8 2 8 7 86 338 
 
Nest activity from green turtle shows a maxium value (253) in 2008 and a minium 
(4) in the first year of this study. Between 2002 and 2005, number of nests grew 
exponentially up to 218 nests in 2005 (Figure 8). 
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Figure 8. Nesting activity from green turtle between 2002 and 2010. 
Regarding hawksbill turtle no activity was found in 2002 and 2003 (Figure 9). 
However, 8 nests were found, in this species, in 2004 and another 8 in 2005, decreasing in 
2006 (1) and growing, substantially, between 2007 and 2008, with 25 and 51 nests, 
respectively.  
 
Figure 9. Nesting activity from hawksbill turtle between 2002 and 2010. 
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 Reggarding to Eretmochelys imbricata, the number of turtles found in the island 
was lower than green, so the nest activity was minor, too. In 2004 and 2005 were founds 
8 nests and in 2008, 51 nests. There are no activities in 2002, 2003 and 2010.  
Discussion 
Turtle abundance and distribution 
Green and hawksbill turtles nest in the islands of North Mozambique, like Vamizi. 
This island was visited by these species for the egg-laying process, with a total of 1513 
turtles in this study, but only 1324 laid eggs. In all species of these animals, successful 
reproduction depends primarily on available terrestrial habitat (Hawkes et al., 2009) and 
despite the preference of the North region, turtles nest along the coast between Bazaruto 
and Quirimbas Archipelagos (Barr & Garnier, 2005). There were found a total of 1513 
green turtles observed between September 2002 and September 2010 in Vamizi Island, 
which of resulted 1324 nesting emergences (87.5 %) successful and resulted in nests, 
which demonstrates the favourable conditions and little disturbance on the nesting 
beaches. 
The majority of nesting activity occurs on Comissete and Farol beaches. Turtle 
nesting on Comissete is predominant between November and February, similar in Juan de 
Nova (also located in the Mozambique Channel, between Madagascar and Mozambique). 
Nesting activity in Farol beach usually predominates between March and June. These 
differences in months are related, with the different sites that two beaches occup in the 
island, so, turtle nesting on the northern beach (Comissete and Soweto) is predominant 
between November and February during the north-east monsoon (kaskasi) while nesting 
activity on the southern-eastern (Farol, Pangaio and Muntu Nkulu) beaches usually 
predominate between March and June during the southeast monsoon (kusi) (Garnier & 
Silva, 2007; Hill et al., 2009; Lauret-Stepler et al., 2010; West, 2010). This can be 
explained, also, due to the complex oceanic waters circulation pattern. Due to this 
pattern in the Mozambique channel, formed by anticyclonic cells that vary in position 
along the year, and by small cyclonic vortices between the great anticyclonics in the 
austral winter (May until September), both vortices can merge in a tongue shape, altering 
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the existing trajectories (Hoguane, 2007) and leading to turtle migration this time of year 
to other beaches such as Farol. Nesting activity on Pangaio beach remained very low until 
2006 when nests started to be laid on that beach nearly every month of the year. The 
small beach of Muntu Nkulu is only used occasionally and might not be used at all certain 
years. The majority of nesting activity of green turtle usually predominates between 
March and June, whith the maximum value occuring in March (Gove et al., 1996). 
Monitoring has shown that Ch. mydas is the most common species nesting in Vamizi 
Island, showing the importance of this island as a nesting site for green turtle in East 
Africa (Garnier & Silva, 2007; Gove et al., 1996). More than that, many studies were 
published about abundance of Ch. mydas in Indian Ocean, namely: Eparces Islands (Le 
Gall et al., 1986) and Comoros Islands (Formia et al., 2006) in Western Indian Ocean; India 
(Sunderraj et al., 2006) in Northern Indian Ocean; Indonesia (White et al., 2006) and in 
Eastern Indian Ocean.  
Natal homing, in which female green turtles return to their birth site to reproduce, 
was first hypothesized by Carr (1967), based on the observation that female green turtles 
are phylopatric, that is, they return to nesting sites (rookeries) at varying degrees of 
precision throughout subsequent nesting cycles (Carr, 1967, Miller, 1997, Formia et al. 
2007, Lee et al., 2007), occupping various ecological niches throughout its life cycle 
(Meylan et al., 1999, Bolten, 2003, Godley et al., 2003, Lohmann et al., 2008; Reis et al, 
2010). It is for this reason that some green and hawksbill turtles seen back in 2004 
reappeared in the same island four years later. An example is one turtle tagged by 
satellite that traveled from Mayote to Kenya passing in Vamizi or from Mayote to Vamizi 
(Garnier & Silva, 2007), seen in Vamizi 3 times in 2010 (20th February, 9th March e 1st 
April). They graze on marine macrophytes in shallow tropical and sub-tropical waters 
around the world (Bourjea et al., 2007), spending the majority of their lives foraging on 
seagrass and macroalgae in shallow coastal areas and reefs (O’Keefe, 1995; Lauret-Stepler 
et al., 2007). The migration process happens between birth and egg-laying (Troëng et al., 
2005; Lauret-Stepler et al., 2007). It is this process interval that allows for the observation 
of turtle nests and their eggs. The number of turtles found, as shown before, is higher 
than the number of nests found on the beaches. Although the main goal of these reptiles 
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is to come to shore and nest, many return to sea without achieving it, often because they 
felt threated, they couldn’t find an appropriate place to nest (Garnier & Silva, 2007; 
Lauret-Stepler et al., 2007). The complexity of this life cycle and the large geographical 
and temporal distances involved make direct studies of these animals difficult (Bowen, 
1995; Bowen et al., 1997, Avise, 2007). A general life pattern encompasses a juvenile 
oceanic phase, in which it is believed that young turtles drift with ocean currents, a 
subsequent neritic phase, when animals reach a certain size and recruit to coastal 
foraging grounds, and large-scale migrations between foraging and breeding areas upon 
sexual maturity (Bolten, 2003). But is the green turtle which is considered the true ocean 
migrator (O’Keefe, 1995; Troëng et al., 2005). To nest they travel a lot of miles in open 
water (O’Keefe, 1995; MICOA, 2007) around the world, namely: Raine Island northern 
GBR, Australia (Limpus et al., 2003) in Western Pacific Ocean; French Frigate Shoals, 
Hawaii, USA (Balazs et al., 2006) in Central Pacific Ocean; Revillagigedos, Central 
American Coast (Lopez et al., 2003) and Galapagos Islands, Ecuador (Zárate et al., 2006) in 
Eastern Pacific Ocean; Turtle Islands, Philippines (Cruz, 2002) in Southeast Asia; 
Tortuguero, Costa Rica (Troëng et al., 2005) and Isla Trindade, Brazil (Moreira et al., 2006) 
in Western Atlantic Ocean; Ascension Island, UK (Broderick et al., 2006) in Central Atlantic 
Ocean; Bjagos Archipelago, Guinea-Bissau (Catry et al., 2002) in  Eastern Atlantic Ocean; 
Turkey (Broderick et al., 2002) and Syria (Rees et al., 2005) in Mediterrean Sea.  
Populations of green turtles have declined several orders of magnitude on a global 
scale during the last few centuries (Lal et al., 2010), like the study in Ascension Island 
shows, which, in 1822, the nesting population of green turtles was 19 000-22 000 turtles 
and between 1999 and 2004, the current breeding population of green turtles to be 11 
000-15 000 females (Broderick et al., 2006).  
In summary, to the green species, during the study the nests are rising, due to 
Maluane Project interference in this island, trying to combat the bibliographical 
references, which predict a decline and even extinction of these species, in the 
northwestern Hawaiian Islands, (Baker et al. 2006) predicted that up to 40% of green 
turtle nesting beaches could be flooded with 0.9 m of sea level rise. The hawksbill turtle 
occurs in other beaches in the Mozambican Channel as nesting site, like Juan de Nova, 
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French Eparses Islands or Republic of Seychelles in Indian Ocean, also (Glénard, 2010; 
Lauret-Stepler et al., 2010; McCann, 2010). The same situation happens in Barbados (Fish 
et al. 2008) and Bonaire (Fish et al. 2005) that suggested similar losses of hawksbill turtle 
nesting habitat (means 50% and 51% decrease, respectively) due to weather and sea level 
rise. 
Conservation implications and future research 
Conservation and management of sea turtles are still in their infancy in many parts 
of the region of Vamizi (Maluane Conservation Project). However, it’s due to this 
conservation that the values in this study are not lower and activities already underway 
provide models and opportunities for conservation exchange, capacity building and 
regional networking, which are important elements of any regional sea turtle 
conservation program (Bjordan et al., 1996; Mortimer). Because of these constraints, 
generalizations about sea turtle biology need to be viewed with some reservation. 
Nesting success in Vamizi (more that 85% hatching and emergence success) was found to 
be very high, emphasizing the regional importance of these islands as turtle nesting 
grounds, especially since coastal habitats around the islands. This study found a clear 
increase in the number of turtles sighted with good numbers, but an intense conservation 
program are needed to improve our knowledge of the general biology and ecology of 
marine turtle populations of Vamizi Island (Bjorndal et al., 1996; Chaloupka & Limpus, 
2001; Rakotonirina & Cook, 1994). Only the clear knowledge of the impact of the different 
arts of fishing on the turtles and their evolution through time will allow the design of 
effective conservation measures. As such, priority should be given about protection of 
nesting sites (the condition and status of green turtles at their feeding sites are also 
important, as they spend a major part of their life there preparing for migration and 
breeding) (Gove et al., 1996; Jean et al., 2010; Troëng et al., 2005; Godley et al., 2010); 
monitoring programs from bycatch (fishing arts) and it should develop studies in the 
sense of identify important ocean areas to protect sea turtles during the pelagic phase. It 
is believed that these populations are facing a continuous decline, which will persist 
unless appropriate management and conservation measures, such as legislation 
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implementation and enforcement, education and public awareness, are implemented. 
Monitoring flaws should be corrected, namely the temperature, humidity, nest depth, 
clutches, tagging and clutches measurements, with an intense investigation with 
conservational goals (Hamann et al., 2010). One proposal is to check the feeding zones, 
frequency of the accidental and deliberate capture, protection of the migratory and 
nesting zones, increase of the community awareness and valuing the resource in a turism 
and biodiversity perspective. To do so, it is necessary to get the support of the authorities 
of countries covered by the migratory courses, and in particular, Mozambique, Comoros 
Island, Tanzania and Kenya.  
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Phylogeography and population structure of green turtle (Chelonia mydas) of North of 
Mozambique Channel based on a mitochondrial DNA control region sequence 
assessment 
Paper in draft form (in preparation for submission) 
 
Abstract: Genetic analyses have the potential to elucidate many aspects of juvenile and 
adult green turtle (Chelonia mydas) biology and ecology, such as foraging ground 
composition, hatchling dispersal and migrations. The aim of present study was to identify 
haplotypes of green turtle from Vamizi and determine the relationship between green 
turtle from Vamizi Island and others populations in the Indian, Pacific and Atlantic 
Oceans. Polymerase chain reaction method was used to amplify a (≈1000 bp) fragment of 
the mitochondrial DNA control region and, as a result, 3 different haplotypes were found. 
The most common haplotype (IND1) was observed in 77 % of individuals. This and IND3 is 
distinguished by 31 substitutions to CM38, tipically from Atlantic Ocean but found in 
Indian Ocean. These reptiles frequently carry out long migrations of hundreds or 
thousands of kilometers during their life cycle, usually between feeding and nesting areas. 
All haplotypes have similarities with others from Atlantic and Pacific Oceans. Haplotype 
(h) and nucleotide (π) diversities were 0.679±0.012 and 0.009±0.006, respectively. The 
observations indicate that the length of the Mozambique Channel is not a biological 
barrier during the migration of adult turtles. This analysis has important implications for 
the conservation of this species, since impacts on mixed stocks along the coast may affect 
some reproductive stocks which are frequently thousands of milles away. 
 
Key words: mt DNA · Chelonia mydas · control region · Mozambique channel · Indian Ocean 
Haplotype 
Introduction 
The green turtle (Chelonia mydas), a marine reptile of worldwide tropical and 
subtropical distribution, occuring throughout the many coral reef and coastal foraging 
grounds, have been identified as Critically Endangered by the International Union for the 
Conservation of Nature and Natural Resource (Dutton et al., 2008; IUCN, 2010; Godfrey et 
al., 2008; Lal et al., 2010). This sea turtle is vulnerable to various threats such as habitat 
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destruction and degradation, coastal development, incidental capture in fishing and 
climate change (Camillo et al., 2009). Many nesting populations, in Mozambican coast, 
are greatly reduced or extinct as a result of this exploitation (Bowen et al., 2007). Like 
other long-lived marine species, green turtles are difficult to study during their marine life 
stages and population structure and distribution are not fully understood (Formia et al., 
2006). 
The herbivorous green turtle has a complex and long life histories, together with a 
highly migratory behaviour (Meylan, 1995; Encalada et al., 1996; Godley et al., 2003; 
Godley et al., 2010). Natal homing, in which female green turtles return to their birth site 
to reproduce, was first hypothesized by Carr (1967), based on the observation that female 
green turtles are phylopatric, that is, they return to nesting sites (rookeries) at varying 
degrees of precision throughout subsequent nesting cycles (Carr 1967, Miller 1997, 
Formia et al., 2007, Lee et al., 2007). Due to the large temporal and spatial scales 
involved, various aspects of their life cycle are quite difficult to elucidate by conventional 
approaches, and must be solved by using indirect research methods, such as molecular 
genetics (Avise, 2007; Bowen et al., 2007), preferably using more than one marker, can 
help elucidate many aspects of their biology and behavior (Bowen 1995, Bowen et al., 
1997, Avise, 2007), such as population structure, inter-rookery gene flow, 
phylogeography, systematic, natal origins and homing (Avise, 2007). Mitochondrial DNA 
(mtDNA) has been shown to be the most appropriate molecular marker to resolve this 
matrilineal structure, providing a high degree of resolution in addressing regional-scale 
questions (Encalada et al., 1996; Abreu-Grobois et al., 2006; Proietti et al., 2009). In this 
context, green turtles have emerged as model organisms for such studies (Avise, 2007).  
Conservation biologists are encouraged to consider using genetic data and 
concepts when developing conservation strategies for turtles (Aliacs et al., 2007). Among 
the significant green turtle rookeries that occur in the South West Indian Ocean, some 
have been well described. At the French Eparses Islands (Europa, Juan de Nova, Tromelin 
and Glorieuses) green turtle populations have been monitored since the 1980’s (Le Gall et 
al., 1987). Other studies include those of green turtles, like in Comoros (Formia et al., 
2006). These studies have shown that the patterns of movements and behaviour of green 
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turtles in this region conform to those found elsewhere in the world, but a detailed 
appraisal of the entire region has yet to emerge. In fact, information on nesting turtles is 
either sparse o lacking in other adjacent countries, especially Mozambique, South of 
Madagascar and Somalia, where both nesting and foraging habitat as well as human 
exploitation of this species occur (Le Gall et al., 1987; Rakotonirina & Cook, 1994).  
The diversity of the mitochondrial DNA (mtDNA) control region of green turtle was 
investigated in order to identify haplotypes of green turtle from Vamizi and determine 
the relationship between green turtle from Vamizi Island and others populations in the 
Indian, Pacific and Atlantic Oceans. This genetic approach of mtDNA sequence analysis, 
combined with information on life history and demographics, was used to expand 
knowledge of the ecology of green turtles in this region. 
Material and Methods 
Study area 
The study area was Vamizi (Figure 1), one of the islands located on Northern 
Mozambique (border with Tanzania) with 13.8 km long and 1.8 km wide in north of the 
Quirimbas Archipelago, which has suitable beaches for nesting, including the longest one, 
Comisette beach which is north facing and where one lodge is located. Another one is 
Soweto beach which is also north-facing, the east facing beach of Farol and two smaller 
south facing beaches (Pangaio and Muntu Nkulu). There are three more beaches, namely 
Kivuri with its fishing camps, Mitundo and Aldeia. This island is surrounded by untouched 
coral reefs and bright turquoise and blue water, abundant with marine life. 
It presents the best conditions of natural protection, with an alignment of coral 
epi-continental reefs or calcareous nature, that minimize the effects´s waves near the 
coast (MICOA, 2007). 
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Figure 1. Map of Africa showing the location of Vamizi Island in the Quirimbas Archipelago in northern 
Mozambique and Maluane Project areas in Vamizi. (a) Adapted from Hill et al., 2009 b) Adapted from 
Paiva, pers. comm.). 
Turtle capture, tagging and reobservation 
The monitoring program included visits along beaches of Vamizi and nest sites, 
conducted by local conservation team, through patrols between 2002 and 2010.  
A tag program was set up. The tagging was made in hind-flippers (titanium tag, 
series MZC 0000). 
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Latitude and longitude of most turtle observation and capture locations were 
determined by Global Positioning System (GPS) receiver (Magellan NAV5000D, used in 2D 
non-differential mode). 
Turtles were captured and the tissue sample, from hind flippers, was collected. All 
samples were registered with name, species, and date of collection, tag number and 
beach. 
Tissue Sample 
All genetic samples (n=13) obtained since 2007 from green turtles were collected 
from living (n=9) adults females; dead hatchling (n=4), incindentally caught by fishermans 
and collected by conservation team that works on Vamizi Island (Mozambique). Analysed 
samples were collected along 3 nesting beaches: Comissete (n=4) and Farol (n=8) and 
Muntu NKulu (n=1) (Table 1). 
Table 1. Samples from 3 beaches in Vamizi Island associated with the collection date.  
Beach Date 
Comissete 19.02.07 
Comissete 23.01.08 
Comissete 21.02.08 
Comissete 29.02.08 
Farol 25.07.08 
Farol 03.09.08 
Farol 05.09.08 
Farol 21.09.08 
Farol 23.06.09 
Farol 06.04.10 
Muntu NKulu 02.05.10 
Farol 08.05.10 
Farol 06.06.10 
Storage Sample 
The collection portion of material (approximately 5 mm3) was performed with a 
sterile scalpel and all surrounding area was sterilized before and after the biopsy. All 
samples were stored in ethanol 70%, frozen in eppendorfs 1.5 ml. 
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Mitochondrial DNA control region extraction, amplification and sequencing 
DNA extraction was performed following the standard phenol/chloroform 
procedure (Sambrook et al., 1989) with some modifications and Chelex procedure (Walsh 
et al., 1991). Approximately 1000 bp-fragments of the mitochondrial DNA control region 
were amplified via polymerase chain reaction (PCR) in an thermocycler (iCycler (BIO-
RAD)) gradient machine, using primers LCM15382 (Lara-Ruiz et al., 2006) (Thermo 
Scientifiq®) (5’-GCT TAA CCC TAA AGC ATT GG-3’) (Abreu-Grobois et al., 2006) and H950g 
(Lara-Ruiz et al., 2006) (Thermo Scientifiq®) (5’- GTC TCG GAT TTA GGG GTT TG-3’) 
((Abreu-Grobois, F.A. pers. comm.2). PCR conditions (for 25 µl: 2.5 µl buffer, 0.5 µl dNTP, 
1 µl each primer, 0.2 µl Taq DNA Polymerase, 1 µl DNA and 18.8 µl H2O) for these primers 
were as follows: initial denaturation of 5 min at 94⁰C, followed by 36 cycles of 30 s at 94 
⁰C, 30 s at 50⁰C and 1 min at 72⁰C, and a final extension step of 10 min at 72⁰C. 
Amplification was verified by electrophoresis of 6μL of each reaction in 2 % agarose gel 
and confirmed with a Transiluminator UVP Bio Doc-It™ System. Products were sequenced 
by Stab Vida® (http://www.stabvida.com). 
Statistics analysis 
Sequences were aligned using BioEdit Alignment Editor. Haplotype (h) and 
nucleotide (π) diversities were obtained using DnaSP v. 5 (Monzón-Argüello et al., 2010) 
and the first one confirmed according to the Basic Local Alignment Search Tool (BLAST). 
Nucleotide diverdity (π) (p-distance) was used as distance phylogenetic parameter and 
was calculated in MEGA 4.0 (Lara-Ruiz et al., 2006). 
Results 
Haplotype distribution and genetic diversity 
Sequence analysis of the 13 samples revealed 43 variable positions defining 3 
haplotypes (Table 2), described from the 3 beaches along the Vamizi Island. A total of 43 
polymorphic sites were found corresponding to 31 substitutions, one insertion and one 
                                                     
2
 For primers sequences please contact Abreu-Grobois F.A. at: abreu@ola.icmyl.unam.mx 
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deletion. Three mtDNA haplotypes were observed among the 13 green turtles sampled 
from Vamizi Island in the North Mozambique Channel. All haplotypes described here have 
been found elsewhere: IND1 and IND3 (GenBank accession nos. AF529028.1 and 
AF529030.1, respectively) occurs in the Indian Ocean (Formia et al., 2006) and CM8 
(GenBank accession nos. Z50130) occurs in South Atlantic and West African Rookeries 
(Table 2). However, two divergent branches occurred: CM8 found in one individual; the 
highly divergent haplotypes IND1 and IND3 were separated by at least 31 substitutions 
from their nearest neighbour. The first one occurs in 77%, the second one in 15.4% and 
CM8 in 7.6% (Table 3). These haplotypes also showed a two base insertion and a deletion 
at one position with respect to the rest.  
 
Table 2. Polymorphic sites defining 3 haplotypes. 
Haplotype Base position 
         0                         1                          1                        3                              4                           4  
         0                         2                          9                        6                              0                           8                                   
         2                         8                          9                        2                              7                           2  
         1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
         5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 
         5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 0    
         2 2 3 3 5 8 1 1 3 5 7 8 8 8 9 9 0 0 2 3 4 5 0 1 1 7 8 8 8 8 9 0 0 2 2 2 2 2 4 4 4 4 5 5 5 6 0     
         4 5 8 9 3 8 0 3 1 0 7 2 4 8 2 3 8 9 1 0 7 0 1 1 5 4 2 4 6 8 0 1 2 5 6 7 8 9 2 5 8 9 0 4 5 6 4 
 
CM8 · ·  – – ·  ·  ·  ·   ·  G ·   ·  ·  · ·  ·  · ·  · ·   ·  · ·  ·  ·   ·  ·  ·   ·  ·   ·  ·  ·  ·   ·  · · · · ·  ·  · · ·  · ·           A 
IND1 G G G C · A T A C G G T – · C C · T · A T · T T G G T G T A A C C G T · · · · A · T · · C T      A 
IND3 G G G C · A T A C G G T – · C C · T · A T · T T G G T G T A A C C G T · · · · A · T · ·  · T       A 
 
Dots (·) indicate equal nucleotides, dashes (-) indicate indels, question marks (?) are unknown bases.  
 
Table 3. Haplotype distribution by beach, available sample sizes and number of haplotypes. 
Beach/Haplotype Farol Comissete Muntu Nkulu N 
IND1 6 4  10 
IND3 1  1 2 
CM8 1   1 
N 8 4 1 13 
Haplotypes 3 1 1   
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Haplotype diversity (h) in this island (n=13) was 0.679±0.012 and the nucleotide 
diversity (π) was 0.009±0.006. Still relatively for last parameter (p-distance), the highest 
differences are registered between samples corresponding to haplotype CM8 and IND1; 
between CM8 and IND3 (between 8 and 5; 13 and 9; 21 and 9; and all samples comparing 
with 9 (CM8)) (Table 4). 
Table 4. Nucleotide diversity (π) (p-distance) from green turtle samples. (5, 8, 9, 13, 21, 22, 25, 27, 29, 30, 
33, 41 and 43: green samples) 
Samples  5 8 9 13 21 22 25 27 29 30 33 41 
5             
8 0.052            
9 0.001 0.000           
13 0.002 0.004 0.052          
21 0.002 0.004 0.052 0.000         
22 0.005 0.005 0.054 0.002 0.002        
25 0.002 0.004 0.052 0.000 0.000 0.002       
27 0.002 0.004 0.052 0.000 0.000 0.002 0.000      
29 0.005 0.006 0.054 0.002 0.002 0.005 0.002 0.002     
30 0.004 0.004 0.005 0.053 0.001 0.001 0.004 0.001 0.001    
33 0.006 0.006 0.055 0.004 0.004 0.005 0.004 0.001 0.004 0.002   
41 0.004 0.005 0.053 0.001 0.001 0.004 0.001 0.001 0.001 0.000 0.002  
43 0.009 0.011 0.059 0.007 0.007 0.009 0.007 0.005 0.007 0.006 0.006 0.006 
 
The divergent haplotypes IND1, IND3 to CM8 were separated by at least 31 
substitutions from their nearest neighbour. These haplotypes also showed a two base 
insertion and a deletion at one position with respect to the rest (Figure 2). 
 
Figure 2. Minimum spanning network of the haplotypes. The size of haplotypes is approximately 
proportional to their frequency in the overall sample set. Dashed lines represent ambiguous connections. 
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Discussion 
Most of the haplotypes identified in this study occur elsewhere in Indian and 
Pacific Oceans rookeries (Bourjea et al., 2007) or it appears in Atlantic and Indian Oceans 
and occurs in low frequency. Due the existence of haplotypes from two oceans, the 
nucleotide diversity (π) (p-distance) between two haplotypes from the same ocean is 
lowest, comparing to two haplotypes from diferents oceans. All 3 haplotypes found 
among green turtles were described, found in the Indian Ocean. IND1 and IND3 were 
described for the first time in Formia et al., 2006 in Comoros, the most diverse island, 
comparing with all rookeries studied in this article. The variant CM8 was described at the 
first time in Indian Ocean in Encalada and colaborators (1996). The great geographic 
distance separating these similar haplotypes is interesting, but the lack of information on 
Indian Ocean phylogenies and our limited sample size, prevent us from speculating on 
overall Indo-Pacific phylogeography. Vamizi Island has high values of haplotype (h) and 
nucleotide (π) diversities. Farol is the most diverse beach, exhibiting 3 haplotypes among 
9 samples, while Comissete beach was less variable, with 1 among 4 samples. The variant 
CM8, that occurs in one sequence is the most commonly that occurs, not only in Indian 
Ocean, but also in Atlantic populations (83.5%) in different frequencies, likely to be the 
ancestral haplotype which gave rise to the others through single base pair mutations 
(Formia et al., 2006). The same situation occurs in the south-western Indian Ocean where 
were observed 7 mtDNA haplotypes among 288 green turtles sampled from 10 rookeries, 
like Europa and Juan de Nova. In Mozambique Channel were observed 3 haplotypes 
among 31 samples (Cosmoledo), in Farquhar were observed 7 samples to 3 haplotypes, in 
Mayotte were exhibited 5 haplotypes among 41 samples, Mohéli exhibited 34 samples to 
6 haplotypes, being the most variable (Bourjea et al., 2007). In a study along the Atlantic 
coast of Africa, where were exhibited 11 haplotypes (178 sequences), namely in 
Ascension that exhibited six haplotypes among 50 samples, and São Tome had seven 
among only 20 samples (Formia et al., 2006). In Atlantic coast of Brazil at Arvoredo Island 
(Santa Catarina state) were exhibited 12 haplotypes among 115 samples (Proietti et al., 
2009) and in Cassino beach (Rio Grande do Sul state) were exhibited 12 haplotypes 
among 101 samples (Proietti, unpublished). In Guine-Bissau there were 8 samples and 2 
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haplotypes (Encalada et al., 1996). Nesting population at Tortuguero, Costa Rica, is the 
largest nesting aggregation in the Atlantic, by at least an order of magnitude. There were 
analysed 392 samples with 4 haplotypes (Bjorndal et al., 2005) (Table 5). Also in other 
ocean, Pacific, 20 samples among 4 haplotypes were found; 2 haplotypes were identified 
from sequences for the 98 green turtles sampled from Galapagos; 3 haplotypes among 
229 mtDNA sequences in Hawaii and Pala’au with 4 haplotypes among 325 samples, both 
locations in Hawaiian Archipelago (Dutton et al., 2008). Mexico and Comoros were the 
rookeries that demonstrate the highest value in haplotype diversity (h) (Table 5). Mexico 
has the higher value from haplotypes (4) and Comoros because there are two populations 
in two different oceans (Indian and Atlantic). IND1 haplotype has 99% of similarity with 
others turtles in the world like Japan CMJ34 (GenBank: AB485792.1) (Nishizawa et al., 
2010), CMJ28 and CMJ29 (GenBank: AB472327.1 and AB472328.1, respectively) 
(Hamabata et al., 2009).  IND3 haplotype has 99% of similarity with Japan CMJ26, CMJ28, 
CMJ30 and CMJ31 (GenBank: AB472327.1, AB472325.1, AB472329.1, AB472330.1 
respectively) (Hamabata et al., 2009). CM8 haplotype has 99% of similarity with Atlantic 
CM6, CM9, CM10, CM11 and CM12 (GenBank: Z50128.1, Z50131.1, Z50132.1, Z50133.1 
and Z50134.1, respectively) (Encalada et al., 1996). The remarkable discovery of an 
Atlantic Ocean haplotype (CM8) (Encalada et al. 1996) represents the first time that any 
Atlantic Ocean haplotype has been recorded among any Indo-Pacific nesting and adult 
populations. The observation of this Atlantic variant mixed with Indo-Pacific haplotypes in 
a same rookery reinforces the fact that Atlantic and Indo-Pacific lineages are not cryptic 
species. An Atlantic mtDNA haplotype occurs in adjacent Indian Ocean waters and not 
vice-versa is a significant observation as it indicates that the direction of matrilineal gene 
flow is likely to be from the Atlantic to the Indian Ocean. Likewise, the observation that 
only a single Atlantic haplotype has been observed and that it occurs in high frequency 
among SMC rookeries suggests that gene flow can be occur but the other are not 
detected, probably, due to their low frequency. If the Indian and Atlantic Oceans were 
connected by substantial amounts of contemporary gene flow then we would expect to 
detect additional Atlantic haplotypes in the SMC. If the colonization event was more 
ancient then we would expect to have detected novel variants of the CM8 haplotype with 
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our intensive sampling of the SMC region. Green turtle was the most found in Europa 
(94%), Juan de Nova (55%) (Indian Ocean), Arvoredo Island (61%) and Cassino Beach 
(61.3%) (Atlantic Ocean). This haplotype appeared also, but in low number, in Mayotte 
and Mohéli Islands. In Vamizi Island (Farol beach), this turtle was saw during 2008-2010, 
concluding a large distribution inter as well as intra-oceanic, bringing to beaches a genetic 
variability, important to conservation.  
Table 5. Mitochondrial DNA variants detected among green turtle population in 13 different sites in the 
Atlantic Ocean and South West Indian Ocean. Haplotype (h) and nucleotide diversity (p) for the 13 
populations in the Atlantic coast of Africa (ACA), Brazil (ACB), Costa Rica (ACCR), Mexico (ACM), North 
Mozambique Channel (NMC) and South Mozambique Channel (SMC) (Encalada et al., 1996; Bjorndal et al., 
2005; Formia et al., 2006; Bourjea et al., 2007; Proietti et al., 2009).  
Location 
Haplotype diversity 
(h) 
Nucleotide diversity 
(π) 
Atlantic Ocean (ACB) 
Arvored Island  
0.5831 ± 0.0451 
 
 
0.0024 ± 0 0017 
 
Cassino beach  
0.5857 ± 0.0501 
 
 
0.0 20 ±  .00 5 
 
Atlantic Ocean (ACM) 
Mexico 0.8200±0.0580 0.0057 
Atlantic Ocean (ACA) 
Guine-Bissau 0.0000 0.0000 
Atlantic Ocean (ACCR) 
Tortuguero 0.1700±0.0200 0.0037±0.0024 
Indian Ocean (NMC) 
Aldabra 0.4646 0.0249 
Comoros Island 0.7330±0.1200 0.0261±0.0154 
Cosmoledo 0.3871 0.0210 
Farquhar 0.7143 0.0342 
Mayotte Island 0.4524 0.0231 
Mohéli 0.3708 0.0130 
Indian Ocean (SMC) 
Europa 0.1174 0.0076 
Juan de Nova 0.5632 0.0360 
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Until now, several green turtle genetic studies have shown that there is a 
fundamental phylogenetic split distinguishing all green turtles in Atlantic Ocean and the 
Mediterranean Sea from those in Indian and Pacific Oceans (Avise et al. 1992; Encalada et 
al. 1998). Because of prevailing cold water conditions, the Cape of Good Hope has been 
commonly assumed to be an absolute barrier to the mixing of Atlantic and Indo-Pacific 
populations of green turtles (Brigges, 1974; Formia et al. 2006; Bourjea et al., 2007), 
allowing the migration process. Data from turtle tagging studies in the Mozambique 
Channel (Hughes, 1982; Le Gall et al., 1987) are consistent with the general observation 
that turtles frequently carry out long migrations of hundreds or thousands of kilometers 
during their life cycle, usually between feeding and nesting areas. These vast migrations 
and their tendency to concentrate in highly productive areas often coincide with the 
majority of fishing efforts, making them vulnerable to incidental capture (Bourjea et al., 
2008; Pusineri et al., 2008; Godley et al., 2010), being considered the true ocean 
migrators (O´Keefe, 1995; Godley et al., 2010). Green turtles that return to their birth site 
to reproduce, was first hypothesized by Carr (1967), based on the observation that female 
green turtles are phylopatric, that is, they return to nesting sites (rookeries) at varying 
degrees of precision throughout subsequent nesting cycles (Carr, 1967, Miller, 1997, 
Formia et al. 2007, Lee et al., 2007). An example is one turtle tagged by satellite that 
traveled from Mayote to Kenya passing in Vamizi or from Mayote to Vamizi (Garnier & 
Silva, 2007). They graze on marine macrophytes in shallow tropical and sub-tropical 
waters around the world (Bourjea et al., 2007), as highlighted by Pelletier and 
colaborators (2003) suggering that the unique and unusual oceanography in the 
Mozambique Channel may contribute to the green turtle population structure observed 
in the Mozambique Channel, influencing particularly the early stages in the life cycle of 
green turtles. Thus, more recent events are more likely to be responsible for the genetic 
structure observed today. In fact, population declines, extinction and recolonisation of 
rookeries, and range contraction and expansion due to climate and sea level changes, 
may have resulted in high levels of genetic drift, the disappearance of ancestral mtDNA 
lineages and lineage replacement of the precursors by modern haplotypes over 
evolutionary time. 
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Chapter IV 
Phylogeography of hawksbill turtle (Eretmochelys imbricata) in the 
North of Mozambique Channel 
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Phylogeography of hawksbill turtle (Eretmochelys imbricata) in the North of 
Mozambique Channel 
 
Paper in draft form (in preparation for submission) 
 
Abstract- Genetic analyses have the potential to elucidate many aspects of juvenile and 
adult hawksbill turtle (Eretmochelys imbricata) biology and ecology, such as foraging 
ground composition, hatchling dispersal. The aim of present study was to identify 
haplotypes of hawksbill turtle from Vamizi Island and determine the relationship between 
these specimens and other populations in the Indian, Pacific and Atlantic Oceans. 
Through the analyses of 1000 bp of the mitochondrial DNA control region from hawksbill 
turtle, were revealed 3 distinct haplotypes, 1 unpublished. The most common haplotype 
(Ei_15) was observed in 4 individuals. This and Ei_3 are distinguished by 22 substitutions 
to EIJ11, tipically from Pacific Ocean but found in Indian Ocean. All haplotypes have 
similarities with others from Atlantic and Pacific oceans. Haplotype (h) and nucleotide (π) 
diversities were 0.857±0.018 and 0.017±0.004, respectively. Our observations indicate 
that the length of the Mozambique Channel is not a biological barrier during the 
migration of adult turtles. This analysis has important implications for the conservation of 
this species, since impacts on mixed stocks along the coast may affect some reproductive 
stocks which are frequently thousands of kilometers away. 
 
Key words: mt DNA, Eretmochelys imbricate, control region, Mozambique Channel, Indian 
Ocean. 
Introduction 
The islands located in the Mozambique Channel, including Vamizi Island, are 
nesting and feeding sites for hawksbill turtle (Eretmochelys imbricata (Linnaeus)) 
classified as “Critically Endangered” (CR) by the IUCN Red List (Bjorndal et al., 1996; IUCN, 
2010), that has a circumglobal distribution in tropical areas of the Atlantic, Indian and 
Pacific oceans (Spotila, 2004; Lara-Ruiz et al., 2006; Louro et al., 2006; Tacquet, 2007), 
with a typically particular diet that includes several species of marine sponges and 
cnidarians, assisting rarer species to become established on coral reefs and helps 
maintain the biodiversity of the reef; their presence usually indicates a healthy coral reef 
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(Agusa et al., 2008; Monzón-Argüello et al. 2010). Hawksbill turtle is a migratory species 
of conservation concern. Adults travel hundreds or thousands of kilometers from foraging 
grounds to breeding areas and neonates are broadly dispersed by ocean currents. 
Following the oceanic stage, juveniles recruit to neritic habitats including coral reef, 
hardbottom, seagrass bed, and cliff-wall (Spotila, 2004; Harewood & Horrocks, 2008; 
Blumenthal et al., 2009 (b); Godley et al., 2010). Tagging and satellite tracking have 
demonstrated that hawksbill developmental and reproductive migrations span the 
territorial waters of multiple jurisdictions (Meylan 1999; Horrocks et al., 2001; Troëng et 
al., 2005; Whiting et al., 2006) and genetic research is beginning to elucidate links 
between nesting beaches and foraging grounds (Bowen et al., 1996, 2007; Bass 2000; 
Diaz-Fernandez et al., 1999; Troëng et al., 2005; Velez-Zuazo et al., 2008).  
In previous genetic studies of green turtles (Lahanas et al. 1998; Bass et al., 2000; 
Luke et al., 2004) source population size and geographic distance have proven 
inconsistent in determining recruitment from rookeries to foraging grounds. Ocean 
currents have been postulated as playing a major role in distribution of oceanic juvenile 
marine turtles (Carr, 1987) and recent studies have linked genetic composition of marine 
turtle foraging aggregations to ocean current patterns (Luke et al. 2004; Okuyama et al., 
2005; Bass et al., 2000; Carreras et al., 2006). However, for hawksbills, attempts to 
account for the role of ocean currents through incorporation of a current correction 
factor (increasing or decreasing geographic distances in a regression model by 10-20%) 
did not increase the strength of correlations (Bowen et al., 2007). 
The study of turtle population genetics and how they relate to each other has 
been explored using mitochondrial DNA sequences (Bass, 1999; Krenz et al., 2005; Lee, 
2008) and has come a long way in the past few decades. In the early 1990s, technologies 
such as polymerase chain reaction (PCR) and automated DNA sequencing spearheaded a 
boom in molecular ecology (Lee, 2008). Sequences of the marine turtles´s mitochondrial 
DNA (mtDNA) control region, have been increasingly applied as genetic “tags” for studies 
like, molecular evolution, population structure, reproductive behaviour, conservation and 
migratory, besides providing a foundation for conservation and management strategies 
(Encalada et al., 1996; Abreu-Grobois et al., 2006; Proietti et al., 2009). Turtle sequence 
Marine Turtles in the North of Mozambique - Notes for their Conservation 
  
 
91 
 
data have also been used to show that molecular evolutionary rates are relatively slow in 
this ancient group of animals (Avise et al., 1992). 
This study aimed at determining genetic differences amongst the Vamizi Island 
foraging beaches Farol and Comissete Beach and other studied mixed aggregations in the 
Indian, Atlantic and Pacific oceans, using the polymerase chain reaction amplification 
method (PCR). This genetic approach of mtDNA sequence analysis, combined with 
information on life history and demographics, was used to expand knowledge of the 
ecology of green turtles in this region. 
Material and Methods  
Study area 
The study area was Vamizi (Figure 1), one of the islands located on Northern 
Mozambique (border with Tanzania) with 13.8 km long and 1.8 km wide in north of the 
Quirimbas Archipelago, which has suitable beaches for nesting, including the longest one, 
Comisette beach which is north facing and where one lodge is located. Another one is 
Soweto beach which is also north-facing, the east facing beach of Farol and two smaller 
south facing beaches Pangaio and Muntu Nkulu. There are three more beaches, namely 
Kivuri with its fishing grounds, Mitundo and Aldeia. This island is surrounded by 
untouched coral reefs and bright turquoise and blue water, abundant with marine life. 
It presents the best conditions of natural protection, with an alignment of coral 
epi-continental reefs or calcareous nature, that minimize the effects´s waves near the 
coast (MICOA, 2007). 
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Figure 1. Map of Africa showing the location of Vamizi Island in the Quirimbas Archipelago in northern 
Mozambique and Maluane Project areas in Vamizi. (a) Adapted from Hill et al., 2009.  
Turtle capture, tagging and reobservation 
The monitoring program included visits along beaches of Vamizi and nest sites, 
conducted by local conservation team, through patrols between 2002 and 2010.  
A tag program was set up. The tagging was made in hind-flippers (titanium tag, 
series MZC 0000). 
Latitude and longitude of most turtle observation and capture locations were 
determined by Global Positioning System (GPS) receiver (Magellan NAV5000D, used in 2D 
non-differential mode). 
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Turtles were captured and the tissue sample was collected. All samples were 
registered with name species, date, tag number and beach. 
Tissue Samples 
All genetic samples obtained since 2008 of hawksbill turtles. Samples were 
collected from dead (n=2) and alive (n=5) adults females, incindentally caught by 
fishermans or collected by the staff associated to the conservation project. Samples were 
collected in 2 nesting beaches of Vamizi Island: Comissete (n=6), Farol (n=1) (Table 1.). 
 
Table 1. Samples from 2 beaches in Vamizi Island associated with the collection date.  
Beach Comissete Farol Comissete Comissete Comissete Comissete Comissete 
Date 17.02.08 27.02.08 29.02.08 29.02.08 22.07.08 26.07.08 08.07.09 
 
Storage Sample 
The collection portion of material (approximately 5 mm3) was performed with a 
sterile scalpel and all surrounding area was sterilized, before and after the biopsy. All 
samples were stored in ethanol 70% frozen in eppendorfs 1.5 ml. 
Mitochondrial DNA control region extraction, amplification and sequencing 
DNA extraction was performed following the standard phenol/chloroform 
procedure (Sambrook et al., 1989) with some modifications and Chelex procedure (Walsh 
et al., 1991). Approximately 1000 bp-fragments of the mitochondrial DNA control region 
were amplified via polymerase chain reaction (PCR) in an thermocycler (iCycler (BIO-
RAD)) gradient machine, using primers LCM15382 (Lara-Ruiz et al., 2006) (Thermo 
Scientifiq®) (5’-GCT TAA CCC TAA AGC ATT GG-3’) and H950g (Lara-Ruiz et al., 2006) 
(Thermo Scientifiq®) (5’- GTC TCG GAT TTA GGG GTT TG-3’) (Abreu-Grobois, F.A. pers. 
comm.3). PCR conditions (for 25 µl: 2.5 µl buffer, 0.5 µl dNTP, 1 µl each primer, 0.2 µl Taq 
DNA Polymerase, 1 µl DNA and 18.8 µl H2O) for these primers were as follows: initial 
denaturation of 5 min at 94⁰C, followed by 36 cycles of 30 s at 94⁰C, 30 s at 50⁰C and 1 
                                                     
3
 For primers sequences please contact Abreu-Grobois, F.A. at: abreu@ola.icmyl.unam.mx 
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min at 72⁰C, and a final extension step of 10 min at 72⁰C. Amplification was verified by 
electrophoresis of 6μL of each reaction in 2 % agarose gel and confirmed with a 
Transiluminator UVP Bio Doc-It™ System. Products were sequenced by Stab Vida® 
(http://www.stabvida.com). 
Statistics analysis 
Sequences were aligned using BioEdit Alignment Editor. Haplotype (h) and 
nucleotide (π) diversities were obtained using DnaSP v. 5 (Monzón-Argüello et al., 2010) 
and the first one confirmed according to the Basic Local Alignment Search Tool (BLAST). 
Nucleotide diversity (π) (p-distance) was used as distance philogenetic parameter and was 
calculated in MEGA 4.0 (Lara-Ruiz et al., 2006). 
Results 
Data Analysis 
 Sequence analysis of the 7 samples revealed 34 variable positions defining 3 
haplotypes (Table1), described from the two beaches along the Vamizi Island (Table 2). 
Table 2. Haplotype distribution by beach, available sample sizes and number of haplotypes. 
Beach/Haplotype Farol Comissete N 
Ei_3  1 1 
EIJ11  2 2 
Ei_15 1 3 4 
N 1 6 7 
Haplotypes 1 3   
 
 A total of 34 polymorphic sites were found corresponding to 22 substitutions, four 
insertions and two deletions, comparing Indian Haplotypes to Pacific haplotype, and 7 
substitutions and 4 deletions comparing the 2 haplotypes in Indian ocean (Figure 2).  
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Figure 2. Minimum spanning network of the haplotypes. The size of haplotypes is approximately 
proportional to their frequency in the overall sample set. Dashed lines represent ambiguous connections. 
Three mtDNA haplotypes were observed among the 7 hawksbill turtles sampled 
from Vamizi beach in the North Mozambique Channel. All haplotypes described here have 
been found elsewhere: Ei_3, Ei_15 (GenBank accession nos. HM030876.1, HM030866.1, 
respectively) occurs in Southeast Asian Region in the Indian ocean (Arshaad et al., 
unpublished) and EIJ11 (GenBank accession no. AB485806.1), occuring in Pacific ocean, 
Japan (Nishizawa et al., 2010).  
 
Table 3. Nucleotide diversity (π) (p-distance) from hawksbill turtle samples. (18,19,24,26,28,31 and 32: 
hawksbill samples). 
Samples 18 19 24 26 28 31 
18       
19 0.027      
24 0.024 0.006     
26 0.025 0.006 0.005    
28 0.028 0.008 0.007 0.002   
31 0.030 0.034 0.031 0.032 0.032  
32 0.002 0.025 0.023 0.024 0.027 0.030 
 
The first one occurs in 14.3%, the second one in 57.1% and the last one in 28.6%% 
(Table 2) and haplotype (h) and nucleotide (π) diversities in this island were 0.857±0.018 
and 0.017±0.004, respectively. Still relatively for last parameter (p-distance), the highest 
differences are registered between samples corresponding to haplotype EIJ11 e Ei_3, 
EIJ11 e Ei_15. (31 and 18, 32 and 31, 31 and 24, 26, 28) (Table 3). 
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Discussion 
One out of the three haplotypes found among hawksbill turtles was previously 
described (EIJ11) and 2 (Ei_3 and Ei_15) unpublished. All haplotypes were found in the 
Indian Ocean. Comissete exhibited 3 haplotypes among 6 samples, while Farol beach was 
less variable, with 1 among only 1 sample. We identified Ei_3 and Ei_15 in Comissete and 
Ei_15 in Farol beaches. These haplotypes were described in Malaysia (Arshaad et al., 
unpublished), while EIJ11 in Pacific ocean, Japan. There are more substitutions comparing 
EIJ11 with other haplotypes because this haplotype is from Pacific Ocean, while the 
others are from Indian Ocean. It is for this reason that the highest values from nucleotide 
diversity (π) (p-distance) are registered between EIJ11, from Pacific Ocean and the others 
Indian haplotypes (different oceans, different populations). Nishizawa et al., 2010 
concluded, in their study with green and hawksbill turtles in Japan that the deep splits in 
the gene trees indicate that both species of turtles underwent population subdivisions in 
the Pacific during the early Pleistocene. These subdivisions were probably caused by 
climatic depression at the Pliocene-Pleistocene boundary that would have shifted the 
range of suitable nesting habitat (Reece et al., 2005). Moreover, cyclic patterns of climatic 
and sea-level change causing changes in the geology of coastlines during the Pleistocene 
likely resulted in corresponding population contractions and expansions, as inferred in 
the Atlantic (Encalada et al., 1996; Reece et al., 2005). In particular, at the last glacial 
maximum 18,000 years ago, colder temperatures and a drop in sea levels to 120-150 m 
below present levels would have caused population decline (Encalada et al., 1996; 
Dethmers et al., 2006). 
In other studies like Cayman Islands, among 92 neritic juvenile hawksbills were 
detected 11 mitochondrial DNA (mtDNA) control region haplotypes: Ei-A1, Ei-A2, Ei-A3, 
Ei-A9, Ei-A11, Ei-A18, Ei-A20, Ei-A24, EiA28, Ei-A29 and a previously undetected 
haplotype, Ei-A72 (GenBank: GQ925509), all in Atlantic Ocean. The Cayman Islands 
foraging aggregation represented a diverse mixed stock (h = 0.72 ± 0.04; p = 0.01 ± 0.005) 
(Blumenthal et al., 2009 (a)). In Brazil in different beaches among 119 samples were 
found 7 haplotypes (Lara-Ruiz et al., 2006). In Pacific Ocean, Barbados rookeries were 
found 3 haplotypes among 54 samples from female turtles (Browne et al., 2010). In all 
Marine Turtles in the North of Mozambique - Notes for their Conservation 
  
 
97 
 
rookeries there is an haplotype diversity, due to hawksbill turtles spending the vast 
majority of their lives at sea, for many populations links between nesting beaches and 
foraging grounds are unknown (Blumenthal et al., 2009 (a)). EIJ11 has 99% of similarity 
with the same species only in the same ocean EIJ9 (GenBank: AB485804.1) (Nishizawa et 
al., 2010). Ei_3 with Pacific turtles EIJ4, EIJ6, EIJ8 and EIJ15 (GenBank: AB485799.1, 
AB485801.1, AB485803.1 and AB485800.1) (Nishizawa et al., 2010)) and Ei_15 has not 
99% of similarity with anyone. Data from turtle tagging studies in the Mozambique 
Channel (Hughes, 1982; Le Gall et al., 1987) are consistent with the general observation 
that turtles frequently carry out long migrations of hundreds or thousands of kilometers 
during their life cycle, usually between feeding and nesting areas. These vast migrations 
and their tendency to concentrate in highly productive areas often coincide with the 
majority of fishing efforts, making them vulnerable to incidental capture (Pusineri et al., 
2008; Godley et al., 2010). Investigations were performed about the role of ocean 
currents as a mechanism underlying patterns of dispersal. Bowen and colaborators (2007) 
previously tested the role of geographic distance (both straight-line and modified in order 
to account for a likely influence of ocean currents) in determining recruitment of 
hawksbills from nesting populations to foraging aggregations. A strong correlation was 
detected between turtles at Indian and Pacific Oceans-indicating that ocean currents 
likely play a substantial role in determining geographic patterns of genetic diversity, and 
that models of oceanic drift may illustrate movements of oceanic juvenile. Ocean current 
modelling may serve to identify potential locations of regional foraging aggregations and 
priorities for studies of unsurveyed source rookeries. 
To Mozambique, including islands, is necessary an intense research program to 
improve our knowledge of the general biology and ecology of marine turtle populations, 
as suggested by Bjorndal and colaborators (1996), Chaloupka & Limpus (2001), 
Rakotonirina & Cook, (1994) and Hamann and colaborators (2010). Only the clear 
knowledge of the impact of the different arts of fishing on the turtles and their evolution 
through time will allow the design of effective conservation measures. As such, priority 
should be given to conservation efforts for many populations have been concentrated on 
the protection of nesting sites (the condition and status of green turtles at their feeding 
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sites are also important, as they spend a major part of their life there preparing for 
migration and breeding) (Gove et al., 1996; Jean et al., 2010; Troëng et al., 2005; Godley 
et al., 2010); monitoring programs from bycatch (fishing arts) and it should develop 
studies in the sense of identify important and potential ocean areas to protect sea turtles 
during the pelagic phase. It is believed that these populations are facing a continuous 
decline, which will persist unless appropriate management and conservation measures, 
such as legislation implementation and enforcement, education and public awareness, 
are implemented. 
Nisizawa and colaborators (2010) concluded that hawksbill from Pacific appears to 
have experienced very similar population patterns and processes over the last several 
million years (Nishizawa et al., 2010). Hereafter, research on the specific genetic 
structures of sea turtles over widespread geographic regions of the Indian Ocean should 
reveal more specific phylogeography and causes of population subdivisions, providing 
information useful for the conservation of genetic diversity. 
Acknowledgments 
We are grateful to Nishizawa, H. the availability in the transmission of haplotypes 
from hawksbill turtles in Japan. The authors gratefully recognize, also, Abreu-Grobois, F.A. 
the total availability in the transmission of primers sequences. We would like to thank 
Rachid Abudala (Major Dade) responsible for the logistic support and all personnel 
involved in field work. The authors also thank Maluane Conservation Project (Cabo 
Delgado Tourism, Biodiversity and Conservation) that started this work that continuous 
today. 
References 
Abreu-Grobois, F.A., Horrocks, J.A., Formia, A., LeRoux, R., Velez- Zuazo, X., Dutton, P., 
Soares, L., Meylan, P., Browne, D., 2006. New mtDNA dloop primers which work for a 
variety of marine turtle species may increase the resolution capacity of mixed stock 
analyses.  In: Frick M., A. Panagopoulous, A.F. Rees & K. Williams (Eds.). Proceedings 
of the 26th Annual Symposium on Sea Turtle Biology and Conservation. International 
Sea Turtle Society, Athens. 
Agusa, T., Takagi, K., Kubota, R., Anan, Y., Iwata, H., Tanabe, S., 2008. Specific 
accumulation of arsenic compounds in green turtles (Chelonia mydas) and 
Marine Turtles in the North of Mozambique - Notes for their Conservation 
  
 
99 
 
hawksbill turtles (Eretmochelys imbricata) from Ishigaki Island, Japan. Environmental 
Pollution, 153, 1, 127-136. 
Avise, J.C., Bowen, B.W., Lamb, T., Meylan, A.B., Bermingham, E., 1992. Mitochondrial-
DNA evolution at a turtle's pace- evidence for low geneticvariability and reduced 
microevolutionary rate in the Testudines. Mol. Biol. Evol., 9, 457-473. 
Bass, A.L., 1999. Genetic analysis to elucidate the natural history and behavior of 
hawksbill turtles (Eretmochelys imbricata) in the Wider Caribbean: a review and 
reanalysis. Chelonian Conservation and Biology, 3, 195-199. 
Bass, A.L., Witzell, W.N., 2000. Demographic composition of immature green turtles 
(Chelonia mydas) from the east central Florida coast: evidence from mtDNA markers. 
Herpetologica, 56, 357-367. 
Bjorndal, K., Balazs, G., Donnelly, M., 1996. A Marine Turtle Conservation Strategy and 
Action Plan for the Western Indian Ocean. Prepared by lUCN East Africa Regional 
Office and lUCN/SSC Marine Turtle Specialist Group. ISBN 2-8317-0363-8. Printed by 
Balmar, Arlington, VA. 
Blumenthal, J.M., Abreu-Gobrois, F.A., Austin, T.J., Broderick, A.C., Bruford, M.W., Coyne, 
M.S., Ebanks-Petrie, G., Formia, A., Meylan, P.A., Meylan, A.B., Godley, B.J., 2009 (a). 
Turtle groups or turtle soup: dispersal patterns of hawksbill turtles in the Caribbean. 
Molecular Ecology, 18, 4841-4853. 
Blumenthal, J.M., Austin, T.J., Bell, C.D.L., Bothwell, J.B., Broderick, A.C., Ebanks-Petrie, G., 
Gibbi, J.A., Luke, K.E., Olynik, J.R., Orr, M.F., Solomon, J.L., Godley, B.J., 2009 (b). 
Ecology of Hawksbill Turtles, Eretmochelys imbricata, on a Western Caribbean 
Foraging Ground. Chelonian Conservation and Biology, 8, 1, 1-10. 
Bowen, B.W., Bass, A.L., Garcia, A., 1996. The origin of hawksbill turtles in a Caribbean 
feeding area as indicated by genetic markers. Ecological Applications, 6, 566-572. 
Bowen, B.W., Grand, W.S., Hillis-Starr, Z., 2007. Mixed-stock analysis reveals the 
migrations of juvenile hawksbill turtles (Eretmochelys imbricata) in the Caribbean 
sea. Molecular Ecology, 16, 49-60. 
Browne, D.C., Horrocks, J.A., Abreu-Grobois, F.A., 2010. Population subdivision in 
hawksbill turtles nesting on Barbados, West Indies, determined from mitochondrial DNA 
control region Sequences. Conserv. Genet., 11, 1541-1546. 
Carr, A.F., 1987. New perspectives on the pelagic stage of sea turtle development. 
Conservation Biology, 1, 103-121. 
Carreras, C., Pont, S., Maffucci, F., 2006. Genetic structuring of immature loggerhead sea 
turtles (Caretta caretta) in the Mediterranean Sea reflects water circulation patterns. 
Marine Biology, 149, 1269-1279. 
Chaloupka M., Limpus C.J., 2001. Trends in the abundance of sea turtles resident in 
southern Great Barrier Reef waters. Biol. Conservation, 102, 235-249. 
Dethmers, K.E.M., Broderick, D., Moritz, C., Fitzsimmons, N.N., Limpus, C.J., Lavery, S., 
Whiting, S., Guinea, M., Prince, R.I.T., Kennett, R., 2006. The genetic structure of 
Australasian green turtles (Chelonia mydas): exploring the geographical scale of 
genetic exchange. Mol Ecol 15, 3931-3946. 
Diaz-Fernandez, R., Okayama, T., Uchiyama, T., 1999. Genetic sourcing for the hawksbill 
turtle, Eretmochelys imbricata, in the northern Caribbean region. Chelonian 
Conservation and Biology, 3, 296-300. 
Marine Turtles in the North of Mozambique - Notes for their Conservation 
  
 
100 
 
Encalada, S.E., Lahanas, P.N., Bjorndal, K.A., Bolten, A.B., Miyamoto, M.M., Bowens, B.W., 
1996. Phylogeography and population structureos the Atlantic and Mediterranean 
green turtle (Chelonia mydas): a mitochondrial DNA control regionsequence 
assessement. Molecular Ecology, 5, 473-483. 
Godley, B.J., Barbosa, C., Bruford, M., Broderick, A.C., Catry, P., Coyne, M.S., Formia, A., 
Hays, G.C., Witt, M.J., 2010. Unravelling migratory connectivity in marine turtles 
using multiple methods. Journal of Applied Ecology, 47, 769-778.  
Gove, D., Magane, S., 1996. The status of sea turtle conservation in Mozambique. In: 
Humphrey S. L. & R.V. Salm (Eds.). pp 89-94. Status of sea turtle conservation in the 
western Indian Ocean. Regional Seas Reports and Studies, 165. IUCN/UNEP. 
Hamann, M., Godfrey, M.H., Seminoff, J.A., Arthur, K., Barata, P.C.R., Bjorndal, K.A., 
Bolten, A.B., Broderick, A.C., Campbell, L.M., Carreras, C., Casale, P., Chaloupka, M., 
Chan, S.K.F., Coyne, M.S., Crowder, L.B., Diez, C.E., Dutton, P.H., Epperly, S.P., 
FitzSimmons, N.N., Formia, A., Girondot, M., Hays, G.C., Cheng, I.J., Kaska, Y., 
Lewison, R., Mortimer, J.A., Nichols, W.J., Reina, R.D., Shanker, K., Spotila, J.R., 
Tomás, J., Wallace, B.P., Work, T.M., Zbinden, J., Godley, B.J., 2010. Global research 
priorities for sea turtles: informing management and conservation in the 21st 
century. Endang. Species Res., 11, 245-269. 
Harewood, A., Horrocks, J., 2008. Impacts of coastal development on hawksbill hatchling 
survival and swimming success during the initial offshore migration. Biological 
Conservation, 141, 2, 394-401. 
Horrocks, J.A., Vermeer, L.A., Krueger, B., 2001. Migration routes and destination 
characteristics of post-nesting hawksbill turtles satellite-tracked from Barbados, West 
Indies. Chelonian Conservation and Biology, 4, 107-114. 
Jean, C., Ciccione, S., Ballorain, K., Georges, J.Y., Bourjea, J., 2010. Ultralight aircraft 
surveys reveal marine turtle population increases along the west coast of Reunion 
Island. Oryx, 44, 2, 223-229. 
Krenz, J.G., Naylor, G.J.P., Shaffer, H.B., Janzen, F.J., 2005. Molecular phylogenetics and 
evolution of turtles. Mol. Phylogenet. Evol., 37, 178-191. 
Lahanas, P.N., Bjorndal, K.A., Bolten, A.B., 1998. Genetic composition of a green turtle 
(Chelonia mydas) feeding ground population: evidence for multiple origins. Marine 
Biology, 130, 345-352. 
Lara-Ruiz, P., Lopez, G.G., Santos, F.R., Soares, L.S., 2006. Extensive hybridization in 
hawksbill turtles (Eretmochelys imbricata) nesting in Brazil revealed by mtDNA 
analyses. Conservation Genetics, 7, 5, 773-781.  
Lee, P., 2008. Molecular ecology of marine turtles: New approaches and future directions 
Experimental Marine Biology and Ecology, 356, 1-2, 25-42. 
Louro, C.M.M., Pereira, M.A.M., Costa, A.C.D., 2006. Report on the Conservation Status of 
Marine Turtles in Mozambique. República de Moçambique Ministério para a 
Coordenação da Acção Ambiental, Centro de Desenvolvimento Sustentável para as 
Zonas Costeiras. Maputo. 40 pp. 
Luke, K., Horrocks, J.A., LeRoux, R.A., Dutton, P.H., 2004. Origins of green turtle (Chelonia 
mydas) feeding aggregations around Barbados, West Indies. Marine Biology, 144, 
799-805. 
Marine Turtles in the North of Mozambique - Notes for their Conservation 
  
 
101 
 
Meylan, A.B., 1999. International movements of immature and adult hawksbill turtles 
(Eretmochelys imbricata) in the Caribbean region. Chelonian Conservation and 
Biology, 3, 189-194.  
Monzón-Argüello, C., Rico, C., Marco, A., López, P., López-Jurado, L.F., 2010. Genetic 
characterization of eastern Atlantic hawksbill turtles at a foraging group indicates 
major undiscovered nesting populations in the region. Journal of Experimental 
Marine Biology and Ecology, 387, 9-14. 
Nishizawa, H., Okuyama,J., Kobayashi,M., Abe,O., Arai,N., 2010. Comparative Phylogeny 
and Historical Perspectives on Population Genetics of the Pacific Hawksbill 
(Eretmochelys imbricata) and Green Turtles (Chelonia mydas), Inferred from Feeding 
Populations in the Yaeyama Islands, Japan. Zool. Sci., 27, 1, 14-18.  
Okuyama, T., Bolker, B.M. 2005. Combining genetic and ecological data to estimate sea 
turtle origins. Ecological Applications, 15, 315-325. 
Sambrook, E., Fritsch, F., Maniatis, T., 1989. Molecular Cloning, 2nd ed. Cold Spring 
Harbor Press, New York. 
Spotila, J.R., 2004. Sea Turtles: a complete guide to their biology, behavior, and 
conservation. The Johns Hopkins University Press and Oakwood Arts, China. 
Proietti, M.C., Lara-Ruiz, P., Reisser, J. W., Pinto, L.S, Dellagostin, O.A., Marins, L.F., 2009. 
Green turtles (Chelonia mydas) foraging at Arvoredo Island in Southern Brazil: 
Genetic characterization and mixed stock analysis through mtDNA control region 
haplotypes. Genetics and Molecular Biology, 32, 3, 613-618. 
Rakotonirina, B., Cooke, A., 1994. Sea turtles of Madagascar-their status, exploitation and 
conservation. Oryx, 28, 51-61. 
Reece, J.S., Castoe, T.A., Parkinson, C.L., 2005. Historical perspectives on population 
genetics and conservation of three marine turtle species. Conserv. Genet., 6, 235-251. 
Tacquet, C. 2007. Diversité et différenciation génétique des populations de tortues vertes 
(Chelonia mydas) dans les sites de ponte et d’alimentation du Sud-Ouest de l’océan 
Indien : application aux stratégies de conservation de l’espèce. Thèse de doctorat de 
l’Université de la Réunion, biologie marine,  226 pp. 
Troëng, S., Dutton, P.H., Evans, D., 2005. Migration of hawksbill turtles Eretmochelys 
imbricata from Tortuguero, Costa Rica. Ecography, 28, 394-402. 
Velez-Zuazo, X., Ramos, W.D., van Dam, R.P., 2008. Dispersal, recruitment and migratory 
behaviour in a hawksbill sea turtle aggregation. Molecular Ecology, 17, 839-853. 
Walsh, P.S., Metzer, D.A., Higuchi, R., 1991. Chelex-100 as a medium for simple extraction 
of DNA for PCR-based typing from forensic material. Biotechniques, 10, 506-513. 
Whiting, S.D., Koch, A.U., 2006. Oceanic movement of a benthic foraging juvenile 
hawksbill turtle from the Cocos (Keeling) Islands. Marine Turtle Newsletter, 112, 15-
16. 
Internet Resources 
IUCN red list of threatened species, http://www.iucnredlist.org. Accessed on September 
18th 2010. 
 
 
Marine Turtles in the North of Mozambique - Notes for their Conservation 
  
 
102 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Marine Turtles in the North of Mozambique - Notes for their Conservation 
  
 
103 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter V 
General Discussion 
 
 
 
 
 
 
 
 
 
 
 
 
Marine Turtles in the North of Mozambique - Notes for their Conservation 
  
 
104 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Marine Turtles in the North of Mozambique - Notes for their Conservation 
  
 
105 
 
General Discussion 
Five species of sea turtles (Olive ridley (Lepidochelys olivacea) (Linnaeus), 
Loggerhead (Caretta caretta) (Linnaeus), Leatherback (Dermochelys coriacea) (Vandelii), 
Hawksbill (Eretmochelys imbricata) (Linnaeus) and Green (Chelonia mydas) (Linnaeus)) 
occur in the West Indian Ocean (WIO) region (Bowen & Karl, 2007; Bourjea et al., 2008; 
Páez-Osuna et al., 2009) and among them, two, the green turtle (Chelonia mydas) and 
hawksbill (Eretmochelys imbricata), are documented to occur along the Mozambique 
Channel and nest in Mozambique (Videira, 2008), Tanzania (Aitchinson, 1993, Howell & 
Mbindo, 1996), Kenya (Frazier, 1975), Madagascar (Ratsimbazafy, 2003), Comoros (Ben 
Mohadji & Paris, 2006). This species are widely distributed and occupy a diversity of 
niches (Bowen & Karl, 2007; Páez-Osuna et al., 2009). 
These reptiles frequently carry out long migrations of hundreds or thousands of 
miles during their life cycle, usually between feeding and nesting areas. These vast 
migrations and their tendency to concentrate in highly productive areas often coincide 
with the majority of fishing efforts, making them vulnerable to incidental (Bourjea et al., 
2008; Pusineri et al., 2008; Godley et al., 2010) or deliberate capture. Although sea turtles 
are threatened or endangered with extinction as a result of many human-related 
activities, incidental capture in fishing gears such as trawls, longlines, handlines and 
gillnets, as well as the ingestion or entanglement in discarded or lost fishing gear, are all 
cited as major sources of mortality for juvenile and adult sea turtles population 
worldwide (Bach et al., 2008; Poonian et al., 2008; Camillo et al., 2009) and also in the 
Southeast Indian Ocean region (Bourjea et al., 2008). 
For centuries, meat from green turtles and shell from hawksbill was exported to 
foreign markets in Europe and Asia, providing a source of revenue for the region. Over-
exploitation in the WIO and elsewhere has resulted in the decline or collapse of many 
sizable turtle populations (Mortimer). The factors affecting their survival can highlight the 
following: the destruction of habitats like coral reefs, sea grass and sandy beaches, nests 
and the resulting collection of eggs, the killing of females spawning, coastal erosion, 
climate changes, fishing accidental and intentional, the inadequate development of 
coastal tourism and movement of cars in beach, hence the increase of urbanization and 
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tourism infrastructure on the beaches contribute to the causes of the reduction does not 
cease (Cabral et al., 1990 and Camillo et al., 2009). 
In 2002 it was initialized by Maluane – Cabo Delagado Biodiversity and Tourism an 
marine turtle program with main objective ‘to ensure the community based protection of 
all marine turtles in the study area’ (Macaloe, Rongui and Vamizi islands) ‘and to acquire 
relevant scientific information on turtle population to allow the development of adequate 
regional strategies’ of conservation (Garnier, 2003). During the last eight years, from 
September 2002 to September 2010, in the island of Vamizi, it was observed a 
predominance of green turtles (Ch. mydas) with 1422 visits (94%) and 91 (6%) referring to 
hawksbill turtles. Chelonia mydas was the most seen turtle in Comissete beach (between 
December and February) north facing beach and Farol (between March and May) 
southwest of the island. This differences can be related with the summer monsoons 
(Kashkasi season: November - March) in the north (Comissete) and with winter monsoon 
(Kusi season: May - August) in Farol, located in the south east of the island, (Garnier & 
Silva, 2007) as well as with oceanic currents that are responsible for the migratory routes 
change of these reptiles (Lauret-Stepler et al., 2010; West, 2010). Concerning E. 
imbricata, this turtle was most seen in Kivuri beach, place surrounded by coral reefs, rich 
in sponges and cnidarians, characteristic food of this species (O’Keefe, 1995; Lauret-
Stepler et al., 2007). The number of turtles seen on the island and, consequently, the 
number of nests, have been growing since the beginning of the programme implemented 
by Maluane. Through DNA sequences, the IND1 and IND3 haplotipes, characteristic of the 
Indian Ocean, were found for the green turtle, as well as the CM8, characteristic of the 
Atlantic Ocean (Formia et al., 2006). Ei_3, Ei_15 (Arshaad et al., unpublished) and EIJ11 
(Nishizawa et al., 2010) were the identified haplotypes for the hawksbill. The first two are 
characteristic of the Indian Ocean and the last is characteristic of the Pacific Ocean 
(Japan). Such can be explained by the oceanic currents of the Indo-Pacific region, which 
change the migratory routes of these animals (Encalada et al., 1996; Reece et al., 2005) 
since turtles go through several life stages and can occupy different habitats throughout 
the world (Meylan et al., 1999, Bolten, 2003, Godley et al., 2003, Lohmann et al., 2008; 
Reis et al, 2010). 
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The Maluane Project has and still is contributing to the knowledge of several 
aspects associated with the reproduction biology of Chelonia mydas, and Eretmochelys 
imbricata in Vamizi Island with success (cap. II, III, IV, this dissertation) but also have 
developed initiatives to known migratory routs through satellite tagging and have rise 
awareness, among fishermen’s, in order to help and protect surrounding habitats (Hill & 
Garnier, 2004; Barr & Garnier, 2005; Garnier & Silva, 2007). Former established objectives 
by Garnier (2003) must go on and new projects must be implemented in several areas to 
fill gapes of information, covering fundamental research and conservation strategies. As 
suggested by Hamann and collaborators (2010) this can be related with reproductive 
biology, biogeography, population ecology threats and conservation strategies. The 
efficiency of the conservation programme established in Vamizi Island, and the 
information collected has made this work possible, but new measures of conservation can 
be proposed on other islands of Quirimbas Archipelago. For example, an implementation 
of effective mitigation measures to reduce the impact of bycatch on this species on 
fisheries practices in shallow and pelagic waters; protect habitats like coral reefs, sea 
grass and sandy beaches; protect nesting places, feeding grounds as well migratory 
routes; reduce or eliminate egg predation and poaching; protect nesting places from 
tourism development; enforcement of the value of this species among fishermen by local 
fishermen associations and involve the communities in the implementation of 
management actions to reduce threats to this animals; assist local population in its 
development in order to reduce the pressure on habitats and biodiversity; develop 
effective practices to use natural resources in a sustainable way and establish new marine 
protected areas at national or international level like transboundary parks. 
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